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THE  PANAMA  CANAL. 


By  E.  Dbniel,  M.Can.Soc.C.E. 


Twenty  years  hardly  had  elapsed  since  the  discovery  of  the  new 
continent,  when  Saavedra,  a  Spaniard,  proposed  to  cut  a  canal  through 
the  Isthmus  of  Darien  (1520),  and  only  eight  years  later,  the  Portu- 
guese Antonio  Galvao  indicated  four  different  routes  through  the 
Isthmuses  of  Mexico,  Nicaragua,  Panama  and  Darien. 

The  idea  of  uniting  the  Atlantic  and  Pacific  Oceans  has  never  been 
abandoned  since,  and,  successively  or  simultaneously,  Spaniards,  Portu- 
guese, Englishmen,  Frenchmen,  Americans,  Belgians,  etc.,  have  explored 
the  American  Isthmus,  with  the  hope  of  finding  an  adequate  solution 
to  that  mighty  problem.  Navigators,  soldiers,  engineers,  financiers, 
scholars,  even  princes  and  kings,  have  been  attracted  by  the  desire  to 
attach  their  names  to  that  great  work,  and  have  devoted  to  it,  time, 
labor  and  money. 

Wealth  and  science,  walking  hand  in  hand,  cannot  fail  to  attain 
their  goal,  and  after  two  hundred  and  sixty  years  of  hard  toil,  the 
execution  of  th&t  gigantic  enterprise  has  at  last  been  undertaken. 

It  is  not  the  object  of  this  communication  to  give  a  history  or  even  a 
sketch  of  all  the  works  and  discoveries  made  by  these  daring  pioneers ; 
but,  without  in  any  way  lessening  the  share  of  fame  and  glory 
achieved  by  the  present  promoters  and  directors,  it  must  not  be  for- 
gotten that  they  have  been  reaping  the  benefit  of  the  explorations  made 
by  their  predecessors,  and  that  if  to-day  the  period  of  execution  has 
been  opened,  it  is  due  as  much  to  the  pressing  need  of  means  of  rapid 
communication  as  to  the  energy  and  ability  displayed  by  Messrs.  Wise, 
de  Lesseps,  and  others. 

The  meeting  of  the  "  Congr^s  International,"  in  1879,  the  formation 
of  the  '^  Soci^t^  Internationale  du  Canal  Interoc^anique  de  Panama,"  in 
1880,  and  the  opening  of  the  works  in  1881,  are  events  still  fresh  in  every 
memory  ]  we  will  therefore  enter  at  once  into  a  description  of  the  proposed 
Panama  canal,  and  of  the  works  executed  up  to  January  1st,  1888. 

The  length  of  the  canal  is,  from  deep  water  to  deep  water,  75  iV^V 
kilometers,  or  47^^  miles.  Starting  from  Colon,  on  the  Atlantic  Coast, 
the  canal  follows  the  shore  of  Limon  Bay  for  some  three  miles,  and 
about  three  miles  further  strikes  the  valley  of  -the  Bio  Chagres,  cross- 
ing for  the  first  time  the  bed  of  that  river ;  then  it  follows  the  general 
direction  of  that  valley  up  to  Gamboa,  a  distance  of  22f  miles.     At 
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point,  the  Rio  Chagres  changes  its  course  nearly  at  right  angles, 
bat  the  canal  continues  from  here  in  a  nearly  straight  line  towards  the 
shores  of  the  Pacific  Ocean,  following  first  the  valley  of  the  Rio  Obispo 
one  of  the  tributaries  of  the  Rio  Chagres,  for  about  five  miles.  There 
it  has  reached  the  back-bone  of  the  Isthmus ;  no  more  valleys,  no  more 
'^rios,"  but  only  a  depression  in  the  chain  of  mountains  that  have  formed 
a  barrier  between  the  two  Oceans.  Through  this,  hardly  two  miles,  passes 
the  canal.  On  the  western  slope,  the  valley  of  the  Rio  Grande  brings 
it  to  the  sea-shore  eight  miles  distant,  and  a  cut  in  Panama  Bay  three 
miles  and  a  half  in  length,  is  all  that  is  now  needed  to  reach  deep  water. 
The  Rio  Chagres,  Rio  Obispo,  and  Rio  Grande  are  very  tortuous, 
winding  rivers,  running  with  a  swift  current,  carrying  along  trees  and 
debris  of  all  sorts,  constantly  forming  shoals  of  these  materials,  and 
shifting  them  here  and  there.  Properly  speaking  they  are  torrents,  and 
their  discharge  varies  within  very  considerable  limits,  but  within  very 
short  periods  of  time.  The  Rio  Chagres,  for  instance,  has,  at  Gamboa,  a 
discharge  of  2,500  gallons  per  second  during  the  dry  season,  but  this 
increases  to  43,000  gallons  per  second  during  the  wet  season,  and  is 
known  even  to  have  been  130,000  during  freshets.  These  freshets 
are  very  rapid ;  it  is  a  common  occurrence  for  this  river  to  rise  thirty 
feet  in  a  few  hours  and  there  are  on  record,  though  fortunately  not  fre- 
quent, instances  of  sudden  rises  of  fifty  feet. 

The  plan  at  first  proposed  by  Mr.  Wise  was  to  create  in  rear  of 
Gamboa  an  immense  reservoir,  of  a  sufficient  capacity  to  hold  the  water 
coming  from  the  upper  part  of  the  river  during  these  freshets,  with 
outlets  allowing  a  discharge  of  43,000  gallons  per  second.  The  creation 
of  that  basin  would  have  necessitated  the  erection  of  several  dams,  the 
main  one  being  nearly  one  mile  in  length,  one  hundred  and  fifty  feet  in 
height,  seven  hundred  and  ninety  feet  in  width  at  top,  and  three  thou- 
sand one  hundred  and  fifty  feet  at  the  base.  As  the  bed  of  alluvial 
deposit  is  at  that  point  ninety  feet  thick,  this  dam  was  to  have 
been  built  of  clay  and  rock,  without  any  more  masonry  than  would  have 
been  necessary  for  the  sluice  ways.  The  maximum  height  of  the  water 
in  rear  of  this  dam  would  have  been  125  feet.  Twenty-five  millions 
of  cubic  yards  of  materials  had  been  calculated  as  being  required  for 
this  work. 

That  solution,  however,  has  since  been  discarded  by  the  engineers  as 
too  bold,  while  at  the  same  time  it  did  not  afford  a  sufficiently  satisfac- 
tory settlement  to  the  difficulty.  It  was  finally  decided  not  to  admit  any. 
water  course  into  the  canal,  but  to  dig  beds  for  the  rivers  on  both  sides. 
However  a  very  large  dam  will  have  to  be  built  at  Gtimboa,  but  without 
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any  sluice  ways,  the  ooorse  of  the  Bio  Ohagres  being  deflected  through 
a  new  channel,  on  the  left  side  of  the  canal.  (1). 

This  dam  will  be  about  80  feet  in  height,  1,600  feet  in  length,  and 
80  feet  in  width  on  the  top,  its  two  extremities  butting  against  the 
cerros  Santa  Cruz  and  Obispo.  It  will  be  built  of  the  materials  ex- 
cavated from  the  heavy  cuttings  near  by,  the  core  being  made  of  clay 
and  the  outer  surfaces  covered  with  broken  rock.  The  slopes  adopted 
for  the  sides  will  be  2  to  1  for  the  upper  one,  and  5  to  1  for  the  lower 
one. 

From  Gkmboa  to  the  sea,  the  10  deflections  of  the  Bio  Chagre» 
aggregate  20^  miles  in  length,  the  total  fall  of  the  river  being  some  45 
or  50  feet. 

The  Bio  Obispo  flows  into  the  Ohagres  near  Gamboa,  but  on  the 
right  side  of  the  canal,  and  its  course  generally  lies  on  that  side  up  to 
the  point  where  it  runs  also  at  right  angles  to  its  former  direction,  on 
the  left  side  of  the  canal.  This  river  will  be  deflected  on  the  right  side 
of  the  canal,  down  to  the  sea,  or  rather  down  to  the  point  where  the 
actual  bed  of  the  Bio  Ohagres  leaves  the  line  of  the  canal  to  run  towards 
Limon  Bay. 

This  will  necessitate  the  building  of  a  flume  bridge  at  kilometer  52, 
thrown  across  the  canal  at  the  height  of  180  feet  above  sea  level.  This 
flume  bridge,designated  on  the  plan  as  "  2nd  pont-b&che,"  will  carry  the 
waters  of  the  Bio  Obispo  and  of  Lake  Lapita  by  means  of  two- 
troughs,  each  6  ft.  8  in.  X  6  ft.  8  in.  A  similar  bridge  will  be  built  at  kilo- 
meter 48  -]fjsVV  ^  carry  over  the  canal  the  waters  of  the  Lake  Margarita 
and  of  the  Bio  Sardanilla  ;  the  height  of  this  bridge  will  be  135  feet 
above  sea  level.  The  length  of  these  flume  bridges  will  be  about  500 
feet.  All  the  tributaries  of  the  Bio  Ohagres,  coming  from  the  right  side  of 
the  canal,  the  Bios  Caravali,Oulo  Seoo,  Baila  Monos,  Oaimito,  Trinidad, 
etc.,  will  be  collected  in  these  deflections,  their  aggregate  length 
being  21^  miles. 

On  the  Pacific  Coast,  the  rivers  will  be  dealt  with  in  a  similar  way, 
the  Bio  Grande  being  deflected  on  the  right  side  of  the  canal,  and  the 
Bios  Pedro-Miguel,  Caimitillo,  Cardenas,  etc.,  will  be  deflected  on  the 
left  side.  A  few  only  of  these  last  deflections  have  been  located, 
aggregating  4f  miles  in  length. 

(1)  The  startiDg  point  of  the  centre  line  of  the  Panama  Canal  is  at  Colon, 
and  all  the  works,  deflections,  etc.,  are  also  numbered  f^om  the  same  point, 
and  referred  to  as  being  on  the  right  or  left  side  of  the  canal,  as  they  would 
be  on  the  right  or  lefthand  side  of  a  man  walking  along  the  centre  line 
towards  Panama. 
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There  are  also  other  incidental  works,  as  deflections  of  the  Pana- 
ma Kaibroad,  at  such  places  where  the  canal  or  the  deflections  of 
rivers  are  interfering  with  the  railway  track.  These  will  be  six  in 
number,  and  will  aggregate  about  7^  miles  in  length.  A  swing-bridge 
will  have  to  be  built  across  the  canal  near  San  Pablo,  between  kilome- 
ters 35  and  36,  and  another  will  be  thrown  across  the  canal  near  Pedro 
Miguel  between  kilometers  59  and  60. 

The  dimensions  adopted  for  the  tide  level  canal  were : 

Width  at  bottom. 72  feet. 

Depth  of  water  below  mean  sea  level 29  ft.  6  ins. 

Slopes  from  bottom  to  6  ft.  7  ins.  above  water,  uniformly. .   1  to  1 

Width  of  berms  on  each  side 6  ft.  7  ins. 

Slopes  above  the  berms,  according  to  the  nature  of  the  ground, 

generally  from  1  in  1  to  1  in  4. 

Near  Panama,  a  pair  of  tidal  gates  would  have  in  any  case  been 
necessary  on  account  of  the  difference  in  the  height  of  the  tide  in 
the  two  oceans.  At  Colon  the  difference  of  level  between  high 
«nd  low  tide  is  only  2  feet,  while  it  is  20  feet  at  Panama.  Consequently, 
the  Panama  end  of  the  canal,  beyond  the  tidal  gates  or  lock,  will  be 
deepened  to  36  feet  below  mean  sea  level. 

Following  in  its  course  the  bottom  of  the  valleys,  and  running  between 
the  cerros,  the  canal  has,  as  before  stated,  a  length  of  47  ^/^  miles, 
while  the  distance  between  its  two  extremities,  measured  in  a  straight 
line,  is  but  40^  miles. 

Of  these  47  miles,  25^  miles  are  tangents,  while  the  balance,  or, 
21  A^omiles,  is  composed  as  follows ' 

2  curves  of  4,000  metres  radius,  aggregating  1.28  miles. 

3  "      "  3,500      "        "  "  4.44    " 
10       "      "  3,000      "         "              "          12.39     " 

4  "      "  2,500      "        "  "  3.55    " 

The  harbour  of  Colon,  near  the  bottom  of  Limon  Bay,  is  far  from 
l)eing  safe  and  secure,  and  it  is  the  intention  of  the  canal  company  to 
enlarge  that  entrance  of  the  canal  to  a  width  of  1650  feet  for  a  distance 
of  2^  miles.  This  harbour  protected  at  its  entrance  by  a  terre-plein 
formed  of  the  materials  coming  from  the  excavation  of  the  canal  will 
afford  to  the  ships  a  much  needed  protection,  and  at  the  same  time  will 
be  very  valuable  for  the  local  commerce.  The  buildings  of  the  com- 
pany in  Colon  are  erected  on  that  terre-plein,on  which  stands  a  colossal 
statue  of  Christopher  Columbus,  the  only  work  of  art  in  the  country. 

A  meeting  basin,  2}  miles  long,  will  also  be  provided  at  some  nine- 
teen miles  from  Colon,  and  another  one  eighteen  miles  frirther  on,  on 
the  western  slope. 
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A  detailed  geological  description  of  the  different  formations  met  on 
the  line  of  the  canal  would  go  far  beyond  the  limits  of  this  succinct 
sketch  in  which  a  mere  mention  of  the  principal  features  of  the 
Panama  Canal  Works  is  all  that  can  be  attempted.  However,  briefly  des- 
cribed, the  course  of  the  canal  runs  for  a  distance  of  27  miles  through 
mud,  sand,  gravel,  peat,  unctuous  and  arenaceous  clay,  meeting  occa- 
sionally with  beds  of  soft  calcareous  tufa,  argillous  schist,  limestone 
conglomerate,  sandstone  and  argilite,  the  aggregate  length  of  these 
rocky  formations  being  only  3J  miles.  Then  for  13  miles,  the  cut 
runs  through  a  mass  of  hard,  igneous,  vitreous  and  metamorphic  rocks, 
in  which  predominate  compact  limestone,  volcanic  aglomerates,  hard 
sandstone,  basalts,  argilite,  carbonaceous  shale,  arenaceous  tufa,  etc., 
covered  however  with  a  thick  layer  of  clay  and  earth.  On  the  western 
shores  of  the  Isthmus,  and  in  Panama  Bay,  the  canal  runs  through 
beds  of  clay,  sand,  gravel,  mud  and  shells,  for  a  distance  of  some 
seven  miles. 

At  the  end  of  the  year  1887,  just  seven  years  after  the  beginning  of 
the  works,  the  Panama  Canal  Company  found  itself  in  a  very  difficult 
position.  It  had  already  incurred  liabilities  far  exceeding  the  cost  of 
the  canal  as  estimated  by  the  congress  of  Paris  ($209,000,000)  ;  its 
financial  department  required  some  15  or  16  millions  of  doUars 
annually ;  the  treasury  was  nearly  empty ;  seven  twelfths  of  the  time 
allowed  by  the  charter  to  complete  the  works  had  gone  by ;  and  yet, 
there  was  hardly  one  quarter  of  the  excavation  done  and  that  even  the 
easiest  portion. 

It  is  true  that  immense  preparations  had  been  made.  The  Isthmus,  and 
let  this  be  borne  in  mind,  enjoys  the  well  deserved  reputation  of  having 
ihe  most  insalubrious  climate ;  there  were  no  population,no  agriculture, 
no  manufactures,  no  trade,  nothing,  absolutely  nothing  there  to  depend 
upon  or  to  help  in  the  construction  of  the  canal,  except  however  the 
Panama  Railroad.  Everything  had  and  has  to  be  imported  :  laborers, 
contractors'  plant,  dwelling  houses,  all  sorts  of  materials  and  supplies, 
even  meat,  butter,  milk  and  water  I  To  do  this  alone  denotes  on  the 
part  of  the  promoters  indomitable  energy  and  unshaken  faith  in  the  ulti- 
miate  success  of  their  enterprise.  Blunders  may  have  been  committed, 
money  may  have  been  spent  with  a  lavish  hand,  but  such  faults  are 
inherent  in  all  great  works  and  almost  beyond  man's  control. 

The  plant  alone  comprises :  Fifty  steam  dredges  of  the  most  power- 
ful built ;  thirty  tugs ;  two  hundred  scows ;  one  hundred  and  twenty 
steam  excavators;  two  hundred  locomotive  engines;  six  thousand 
large  dumping  cars ;    two  hundred  miles  of  standard-gauge  railway  ; 


Denid  on  Panama  Canal,  7 

one  hundred  and  ten  miles  of  narrow  gauge  portable  railway,  with 
seven  thousand  small  dumping  cars ;  one  hundred  and  thirty  portable 
engines;  five  hundred  pumps;  three  large  work-shops  splendidly 
equipped ;  twenty  conveyors ;  over  11,000  lengths  of  large  pipes  for  the 
transportation  of  excavated  materials ;  dwelling  houses,  offices,  shanties, 
of  all  descriptions  and  without  number;  and  finally,  two  large  hospi- 
tals, one  of  them,  the  Panama  hospital,  being  certainly  one  of  the  best 
equipped  in  the  world,  as  it  is  also  probably  one  of  the  most  costly. 

The  climate  of  the  country  is  not  only  fatal  to  man  and  beast,  it  also 
exerts  a  destructive  action-  on  all  kinds  of  materials,  and  consequently 
a  constant  supply  of  new  plant  has  to  be  kept  up. 

The  force  employed  on  the  works  may  be  estimated  at  twenty  thou- 
sand men,  mostly  Jamaicans.  They  stand  the  rigour  of  that  deadly 
climate  better  than  any  other  race,  and  the  yellow  and  Panama  fevers 
do  not  make  such  havoc  among  them  as  among  the  laborers  of  white  or 
yellow  extraction. 

One  of  the  most  important  sources  of  delay,  as  one  of  the  most  uncon- 
trollable, is  that  the  dry  season  lasts  only  from  four  to  five  months,  and 
diat  perforce,  the  works  have  to  be  partly  suspended  during  the  wet 
season.  Then  occur  sudden  freshets ;  the  ground,  thoroughly  soaked, 
slides  in  all  directions ;  the  railway  tracks  are  carried  away  or  sink 
under  the  weight  of  the  cars ;  and  above  all,  exposure  to  the  rain  is,  to 
a  European,  nearly  equivalent  to  a  death  warrant. 

However,  let  the  enormous  difficulties  that  have  been  successfully 
surmounted  be  almost  without  number,  the  preparations  be  as  extensive, 
thorough  and  complete  as  possible,  yet  the  fact  remains  that,  by  the 
end  of  1887,  the  hope  of  completing  the  tide  level  canal,  within  a 
reasonable  time  and  at  a  remunerative  cost,  had  to  be  given  up,  and  it 
was  then  resolved  to  modify  the  originally  contemplated  plan  and  to 
provisionaUy  resort  to  another  solution.  The  modifications  adopted 
consist  of  the  temporary  substitution  of  a  lock  canal  for  the  tide  level 
eanal,  and  the  reduction  of  the  draught  of  water  in  the  canal  to  27 
feet,  all  through,  except  at  the  entrance  at  Panama. 

Ten  locks,  590  feet  long,  60  feet  wide,  will  be  built,  six  of  them 
having  a  fall  or  rise  of  36  ft.  1  in.,  three  a  fall  or  rise  of  26  ft.  3  in.,  and 
one  of  35  ft.  3  in.,  on  account  of  the  tide  on  the  Pacific  coast.  The  total 
rise  will  be  160  ft.  9  in.  The  locks  are  not  to  be  located  on  the  centre 
line  of  the  canal,  but  either  to  the  right  or  to  the  left,  so  as  not  to 
interfere  with  the  subsequent  deepening  and  widening.  They  are  also 
80  arranged  that  corresponding  looks  on  either  side  of  the  summit  reach 
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have  equal  falls,  and  consequently  may  be  suooessively  done  away  with 
by  pairs. 

The  location  of  the  looks  has  been  determined  by  the  nature  of  the 
ground :  Lock  No.  1  will  be  built  on  a  bed  of  limestone ;  Locks  Nos. 
2,  3,  4,  5,  6,  on  hard  sandstone ;  Locks  Nos.  7  and  8  on  conglomerate ; 
Lock  No.  9  on  dolerite,  and  Lock  No.  10  on  hard  tufa. 

It  is  estimated  that  some  fifty  millions  of  cubic  yards  of  material  will 
have  to  be  removed  to  complete  the  lock  canal,  and  the  transformation 
of  this  to  the  tide  level  canal  will  embrace  the  removal  of  an  additional 
mass  of  from  65  to  100  millions  of  cubic  yards  of  mi^terial,  according 
to  the  nature  of  the  ground  and  the  slopes  adopted  for  the  cuttings. 

The  alimentation  of  the  lock  canal  wiU  not  offer  any  very  serious 
difficulty.  The  waters  of  the  Upper  Obispo,  and  Upper  Bio  Cb*ande 
will  be  utilized,  and,  when  necessary,  the  water  will  be  pumped  from  the 
Bio  Chagres  into  the  upper  reach.  It  has  been  estimated  that  for  a 
daily  traffic  of  ten  ships,  this  service  will  be  effectually  insured  by  the 
action  of  steam  pumps  of  4,000  horse-power.  But  this  lock  canal  is  at 
best  a  lame  solution ;  ihe  expenses  connected  with  its  maintenance  will 
be  very  heavy,  embracing,  besides  the  pumping,  constant  dredging,  ne- 
cessitated by  the  growth  of  sub-marine  v^tation  and  by  the  large 
proportion  of  alluvial  matter  carried  by  the  waters  of  the  rivers  of  this 
region  ;  the  locks  would  have  to  be  frequently  renewed  ]  therefore  it  is 
understood  that  these  last  described  works,  are  only  provisional. 

The  principal  features  of  the  charter  of  the  Canal  Company  are : 

A  grant  from  the  Colombian  government  of  five  hundred  thousand 
hectares  of  land,  with  all  the  minerals  therein,  besides  all  the  ground 
required  for  the  canal,  wharves,  roads,  stations,  buildings  of  all  descrip- 
tion, etc.,  provided  it  is  not  private  property. 

On  the  other  hand,  the  Colombian  government  is  to  enjoy  the  free 
use  of  the  canal  and  a  participation  of  at  least  five  per  cent,  in  the  gross 
earnings  of  the  Company,  this,  however,  being  never  less  than  two 
hundred  and  fifty  thousand  dollars  per  year. 

The  company  also  agrees  to  bear  all  the  expenses  connected  with  the 
maintenance  of  the  military  forces  required  to  insure  the  security  of 
the  interoceanic  transit. 

At  the  end  of  ninety-nine  years,  computed  from  the  opening  of  navi- 
gation, the  canal  and  all  its  appurtenances  will  become  the  property  of 
the  Colombian  government. 
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Table  showing  the  lengths  of  the  reaches  and  their  respective  levels : 
N.B.  The  datum  or  zero  level  is  the  mean  level  of  the  sea. 


Lengths  in 
miles. 

« 

Levels  of  bot- 

toms of  reaches 
in  feet. 

Bemarks. 

Colon  ha 

irbor.           0.84 

—  27.07 

From  deep  water  to  shor 

IstRea 

Kjh.            14.13 

—  27.07 

Including  Lock  No.  1 

2nd     " 

8.94 

—    0.82 

"          "     No.  2 

3rd     ' 

4.16 

25.43 

"     No.  3 

4th     < 

1.48 

61.52 

"     No.  4 

5th     ' 

2.61 

97.61 

"     No.  5 

6tii     ' 

3.92 

133.69 

Summit  reach. 

7th     ' 

0.33 

97.61 

Including  Look  No.  6 

8th     ' 

0.31 

61.52 

"     No.  7 

9th     ' 

0.81 

25.43 

"          «     No.  8 

10th     ' 

'                  1.37 

—    0.82 

"     No.  9 

11th     ' 

4.35 

—  36.09 

"          "     No.  10 

Panama 

Bay.           3.85 

—  36.09 

From  shore  to  deep  water. 

DEFLECTIONS. 


Left  Bank. 

Right : 

Bank. 

■ 

Lengths  in 

Bivers  deflect- 

•Len^hs in 

Rivers 

Nos. 

miles. 

ed. 

miles. 

deflected. 

1 

6.13 

Bio  Chagres. 

1.43 

Rio  Obispo.&o. 

2 

5.21 

« 

.37 

it 

3 

1.14 

« 

3.84 

iC 

4 

.45 

« 

2.05 

a 

5 

.85 

« 

1.63 

(C 

6 

1.22 

(( 

2.19 

i( 

7 

2.79 

« 

.57 

C( 

8 

.38 

« 

1.24 

(( 

9 

1.12 

cc 

2.55 

tt 

10 

.98 

« 

.23 

u 

11 

1.24 

Lk.  Margarita. 

.05 

<( 

12 

0.64 

"  Lapita. 

.18 

(( 

12bi8 

.57 

Bio  Obispo. 
Bio  Pedro  Mi- 

13 

.84 

.83 

« 

14 
15 

guel. 

jl.68 

a 

16. 

1.18 

Rio  Grande. 

17 

2.73 

(( 

Totals.. 

23.56 

22.75 
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DiSTANOES  BETWEEN  SOME  HARBOURS,  IN  NAUTICAL  MILES. 


Via 
Cape  Horn. 

Via 
Panama  Canal, 

Difference. 

London    to  San  Francisco, 

13,795 

8,135 

5,660 

—  Honolulu, 

13,915 

9,556 

4,359 

Liverpool  —  San  Francisco, 

13,678 

7,897 

5,781 

Le  Havre  —            " 

13,627 

7,949 

5,678 

Bordeaux —  ValparaiBO, 

8,675 

7,239 

1,436 

New  York—            " 

8,550 

4,574 

3,976 

"       —  Panama, 

11,057 

1,966 

9,091 

"       —  Callao, 

9,791 

2,333 

6,488 

"       —  Guyaquil, 

10,441 

2,808 

7,633 

"       —  San  Francisco, 

13,334 

2,468 

9,056 

From  the  Drawings  accompanying  this  paper,  Plates  I  &  II  have 
been  prepared. 


DISCUSSION. 


In  answer  to  various  quefitions  propounded  by  Messrs.  Hannaford, 
J.  Kennedy,  Peterson,  Parent  and  Prof.  Bovey,  Mr.  Deniel  replied  as 
follows : — 

By  the  first  January,  1888,  the  amount  of  excavation  completed  rang- 
ed between  30  and  40  millions  of  cubic  yards,  and  there  were  stiU  about 
150  millions  cubic  yards  to  be  removed;  roughly  speaking,  about  one- 
fourth  of  the  work  had  been  done. 

Probably  no  one  really  knew  the  total  cost  of  the  work  remain- 
ing to  be  finished,  as  it  was  very  difficult  to  make  an  estimate. 

He  thought  that' the  difficulty  of  completion  did  not  lie  in  the  work 
itself,  but  in  the  matter  of  raising  the  money.  The  great  mistake  made 
by  the  promoters  had  been  in  beginning  the  work  with  a  small  capital, 
about  $60,000,000)  whereas  their  liabilities  had  already  reached  some 
$300,000,000. 

He  considered  that  8100,000,000  would  be  sufficient  to  finish  the 
work,  which  would  undoubtedly  stand,  as  there  would  be  no  danger 
from  freshets,  and  the  canal  would  only  be  destroyed  by  an  earthquake 

The  work  was  superintended  by  the  Panama  Canal  Co.,  which  had. 
given  contracts  to  the  following  firms : 

Soci^t^  deTravauz  Publics  et  Constructions,  15  rue  Louis-le-Grand, 
Paris. 

MM.  Vignaud,  Barbaud,  Blanleuil  &  Cie.,  19  rue  Louis-le-Grand, 
Paris. 

MM.  Baratoux,  Letellier  &  Cie.,  4  rue  de  Rome,  Paris. 

MM.  Artigue,  Sonderegger  &  Cie.,  1  rue  de  la  Bourse,  Paris. 

M.  Jacob,  11  Place  du  Commerce,  Nantes. 

The  American  Contracting  &  Dredging  Company,  New  York. 

The  canal  is  divided  into  five  divisions ;  each  one  under  the  charge 
of  a  divisional  engineer  and  staff,  appointed  by  the  Company. 

The  first  division  runs  from  Colon  to  kilometer  26  -j^Vy  The  works, 
principally  dredging,  are  carried  out  by  the  American  Contracting  & 
Dredging  Co.,  for  the  canal,  and  by  Mr.  Jacob,  for  the  deflections  of 
the  Eio  Chagres  on  the  left  bank  of  the  canal. 

The  second  division  runs  from  kilometer  26  -^^  to  kilometer  44. 
The  contractors  are  MM.  Yignaud,  Barbaud,  Blanleuil  &  Cie.  Their 
plant  consists  of  excavators,  conveyors,  dredges,  large  and  small  dumping 
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o&TB,  eto.  The  steam  ezcayators  and  conveyors  do  not  do  as  mach 
work  as  was  expected  of  them.  They  do  not  work  much  more  than 
one-third  of  the  time,  while  the  negroes  work  at  least  two  thirds. 

The  third  division  runs  from  kilometer  44  to  kilometer  53  -fffj^ 
There  lies  the  heaviest  part  of  the  work.  The  contractors  are  the 
Sooi^t^  de  Travauz  Puhlics  et  Constructions.  They  use  very  large  and 
heavy  plant,  steam  excavators,  broad  gauge  railways,  etc. 

The  fourth  division  runs  from  kilometer  53  ^fy  to  kilometer  57. 
The  contractors  are  MM.  Artigue,  Sonderegger  &  Gie.  This  division, 
as  the  proceeding  one,  is  mainly  through  rock  cutting,  and  the  plant 
employed  is  of  the  same  description  m  both  cases.  The  work  here  is 
carried  on  day  and  night  with  the  aid  of  the  electric  light. 

The  fifth  division  runs  from  kilometer  57  to  kilometer  74,  ^^fy  in 
Panama  Bay.  It  is  under  contract  with  MM.  Baratoux,  Letellier  & 
Gie.,  and  it  is  mainly  dredging.  In  the  Panama  Bay  the  material 
dredged  was  very  soft,  and  consequently  the  work  hks  been  easy,  but 
the  sand  for  a  long  time  kept  running  into  the  cut  in  such  quantity 
that  once,  during  a  whole  week,  one  of  the  elevator  dredges  employed 
there  was  kept  at  work  on  the  same  spot,  its  buckets  coming  up  full  all 
the  time.  Consequently  the  width  of  the  cut  in  the  Bay  of  Panama  is 
considerably  larger  than  elsewhere.  However,  this  portion  of  the  work, 
that  is,  from  deep  water  to  La  Boca,  is  now  completed  to  the  full  depth 
and  width. 

The  heavy  plant,  comprising  dredges,  excavators,  cars,  rails,  engines 
dwelling  houses,  etc.,  belongs  to  the  Panama  Canal  Company,  and  is 
rented  by  the  contractors,  who  furnish  only  the  small  tools,  such  as 
picks,  shovels,  crow-bars,  drills,  etc. 

The  deepest  cut  is  at  the  Culebra.  On  the  centre  line,  it  measures 
there  107  metres  above  canal  bottom,  but  the  left  side  of  the  cut  starts 
from  a  point  70  metres  higher,  near  the  summit  of  the  Cerro  Culebra, 
and  at  a  distance  of  189,84  metres  from  the  centreline.  By  the  adoption 
of  the  new  plan,  the  depth  will  be  reduced  to  about  180  feet  on  the 
centre  line.  The  centre  line  of  the  new  canal  will  be  the  same  as  at 
present,  but  the  locks  will  be  located  either  on  the  right  or  on  the  lef% 
cf  it,  in  order  to  interfere  as  little  as  possible  with  the  contemplated 
subsequent  deepening  and  widening. 

The  Cerro  Culebra  is  a  hill  of  some  height  It  does  not  Hlide  bodily 
towards  the  canal  as  it  has  been  wrongly  reported,  but  sinks,  and  pro- 
duces heavings  in  the  canal,  and  occasional  slidings.  This,  however, 
could  not  go  on  for  ever,  as  the  core  of  the  mountain  is  made  of  rook  ; 
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it  would  have  to  stop  some  time,  but  till  then,  there  was  nothing  to  do 
but  to  keep  removing  the  material.  These  heayings  were  at  one  time 
so  sudden  that  it  in  the  morning,  the  excavators,  oars,  rails,  etc., 
were  frequently  found  on  a  ooosiderablj  higher  level  than  that  on  which 
they  had  been  left  on  the  previous  evening,  and,  of  course,  more  or  less 
damaged. 

He  thought,  however,  that  the  trouble  would  soon  stop ;  there  was 
not  as  much  movement  as  there  had  been.  In  consequence  of  these 
disturbances,  the  cross  sections  had  had  to  be  extended  3  or  4  hundred 
feet  beyond  the  summit  of  the  slope,  in  order  to  have  at  least  an 
approximate  idea  of  the  quantity  of  material  removed  by  the  contrac- 
tors. There  arjs  bench-marks  built  of  masonry  on  both  sides  of  the 
canal,  and  these  are  checked  by  similar  beuch-marks  built  along  the 
line  of  the  Panama  Railroad. 

The  idea  of  the  high  dam  has  been  given  up,  but  there  will  atill  be 
one  of  some  80  feet  in  height  (see  page  5). 

The  work  in  the  deflections  was  not  different  from  the  work  in  the 
canal,  nor  did  it  entail  any  more  difficulty. 

The  Panama  Canal  Co..  does  not  do  any  of  the  work,  but  gives  it 
out  to  the  large  contractors  who  generally  sublet  it  to  smaller  compan- 
ies. The  work  is  measured  up  by  the  engineers  of  the  Panama  Canal 
Co.,  and  by  the  engineers  of  the  contractors,  always  acting  together 
and  checking  each  other.  One  source  of  delay  in  the  progress  of  the 
works  has  been  in  the  periodical  freshets  of  the  rivers,  especially  of  the 
Chagres.  The  custom  was  to  give  a  sub-contractor  either  one  deflection 
or  a  length  of  canal  comprised  between  two  bends  of  the  river.  The 
operations  usually  b^in  about  the  middle  of  December  and  continue 
until  about  the  middle  of  May,  when  the  rainy  season  sets  in.  Naturally 
the  sub-contractors  make  use  of  the  bed  of  the  Chagres  as  a  spoiling 
ground;  the  river  carries  to  the  sea  part  of  the  spoil,  but  not  the  whole 
of  it,  and  when  it  rises,  it  carries  back  part  of  it  into  the  canal  and 
the  speaker  has  seen  railway  tracks  buried  under  six  feet  of  earth. 

The  speaker  is  not  well  posted  on  the  financial  position  of  the  com- 
pany, nor  as  to  its  expectations,  but  he  has  read  that  the  transoceanic 
traffic  had  been  estimated  at  6,000,000  tons  annually.  The  Canal 
Company,  according  to  its  charter,  is  allowed  to  charge  15  francs  or 
$3  per  ton,  and  at  these  figures  it  would  have  an  income  of  $18,000,- 
000  per  year.  This  seemed  reasonable,  but  it  is  well  to  imderstand 
that  the  ton  at  the  Panama  Canal  is  not  the  samo  as  elsewhere.  In 
France,  for  instance,  the  official  tonnage  of  a  sailing  ship  is  obtained  by 
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multipljing  together  the  three  dimensions  of  the  hulP  in  metres  and 
dividing  the  product  hy  3.80  ;  for  steamships,  the  result  thus  ohtained 
is  further  reduced  hy  40  per  cent.  But,  at  Panama,  the  outside  length 
and  greatest  width,  at  water  Une^  and  the  draft  (in  metres^)  will  he 
multiplied  together  and  the  result  will  be  the  number  of  tons  on  which 
the  tolls  will  be  collected.  If,  therefore,  these  rules  were  to  be  adhered 
to,  the  duty  at  Panama  would  be  nearly  trebled  and  would  amount  to 
about  $9  per  ton. 

Beplying  to  Mr.  Hannaford,  who  asked  where  the  money  was  coming 
from  to  complete  the  works,  the  speaker  said  that  he  had  no  doubt  the 
people  of  France  would  furnish  the  required  capital.  The  company's 
liabilities  were  to-day,  according  to  Mr.  deLesseps  himself,  three  hun- 
dred millions  of  dollars ;  but  this  enormous  sum  does  not  reprenent  the 
money  actually  spent  on  the  works.  The  discount  on  the  loans  had 
been  as  high  as  40  per  cent,  as  for  instance,  in  the  loan  of  1883,  for 
300,000,000  francs,  which  produced  171  millions  without  any  deduc- 
tion for  brokerage,  etc.  Up  to  1884  (he  had  not  the  figures  for  a  later 
date),  the  company  had  assumed  liabilities  for  918  millions  of  francs, 
while  it  had  only  received  734  millions. 

The  company  had  then  for  years  been  paying  interest  on  money  they 
had  never  received,  and  that  could  not  be  kept  up  long  without  some- 
thing like  a  crash  occurring.  However,  the  work  already  done  and 
the  plant  on  the  Isthmus  could  not  be  estimated  at  less  than  100  million 
dollars.  If  the  works  were  suspended  all  this  would  be  lost,  but 
with  another  100  millions  of  dollars  applied  to  the  works  the  canal 
could  be  opened  to  traffic  and  all  then  could  be  saved. 

Eeplying  to  Professor  Bovey  as  to  the  probability  of  the  Canal  being 
taken  in  hand  by  Great  Britain,  France  and  the  United  States,  as  an 
international  work — 

Mr.  E.  Deniel  said  that  would  be  contrary  to  the  charter  of  the 
company  which  forbade  the  alienation  or  mortgage  of  any  of  its  privi- 
leges to  a  foreign  nation  or  government ;  any  transgression  of  this 
would  nullify  the  charter.  The  company  had  12  years  in  which  to  do  the 
work,  so  that  it  has  now  about  five  years  to  complete  the  canal,  and  it 
does  not  seem  that  a  momentary  suspension  of  the  operations  would 
affect  its  rights.  There  is  also  a  clause  in  the  charter  providing  for  a 
further  extension  of  six  years,  if  at  the  end  of  the  first  twelve  years 
the  works  are  so  far  advanced  that  their  completion  within  the  extended 
period  may  appear  probable. 

The  charter  does  not  make  any  mention  of  the  canal  being  either  a 
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sea  level  or  lock  oanal.  By  the  modification  made  in  the  former 
scheme,  from  a  sea-level  to  a  lock  canal,  the  proportion  of  work  already 
done  has  increased  from  one  quarter  to  one-half  of  the  total  amount,  so 
that  the  completion  of  the  canal  which  was  doubtful  even  during  the 
eighteen  years,  is  now  possible  and  even  probable  within  the  twelve 
years. 

The  money  already  advanced  has  come  principally  from  France ; 
very  little  having  been  contributed  by  the  United  States  or  other 
countries. 

He  also  thought  the  people  of  France  would  advance  the  additional 
amount  required.  It  is  well  to  know  that  it  is  very  difficult  to  ascertain 
the  exact  state  of  things  concerning  the  canal  and  the  financial  condition 
of  the  company.  Mr.  de  Lesseps  had  very  powerful  enemies,  even 
in  France,  ready  to  take  hold  of  the  enterprise  if  they  had  the  oppor- 
tunity. When  the  speaker  was  in  Panama  last  winter,  he  wondered 
of  what  use  the  large  contracting  firms  with  their  expensive  staff  of 
engineers,  accountants,  clerks  and  other  employees,  could  be,  since  the 
work  was  actually  performed  by  the  sub-contractors,  but  he  was  told 
that  nobody  there  expected  to  see  the  canal  company  carry  out  the  works 
to  the  end ;  but  if  it  could  push  it  far  enough,  then,  when  the  money 
would  become  scarce,  the  contractors  could  and  would  bring  their  re- 
spective contracts  to  completion  and  be  recouped  out  of  the  first  pro- 
ceeds of  the  canal.  All  the  firms  above  mentioned  are  backed  by  large 
French  banking  establishments  which  could  come  forward  in  an  emer- 
gency. 

On  1st  Jan.,  1888,  Messrs.  Slaven  &  Co.,  were  far  from  having 
finished  their  work,  having  then  done  about  three-fifths  of  it.  It  was 
all  dredging  through  mud,  sand  and  clay,  with  the  exception  of  four 
ledges  of  rock  aggregating  about  two  miles  in  length.  The  plant  used 
by  Messrs.  Slaven  &  Co.  (American  Dredging  and  Contracting  Co.) 
has  been  described  above,  and  consists  of  elevator  dredges.  The 
materiab  excavated  are  deposited  on  each  side  of  the  canal,  through  the 
'^  long  couloir. ''  The  result  of  the  operations  has  been  the  drainage  of 
the  marshes  and  the  consolidation  of  the  ground  through  the  region 
traversed  by  the  canal  in  the  neighborhood  of  Colon.  The  works  had 
been  opened  simultaneously  at  different  places,  the  dredges  having  been 
sent  up  by  the  Bio  Ghagres,  and,  when  in  position,  dredging  in  the  line 
of  the  canal  on  both  sides  of  the  river. 

The  plans  (plate  I)  exhibited  show  all  the  work  done  in  the  canal 
and  deflections  up  to  January  1st,  1888,  the  work  remaining  to  be  done 
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to  complete  the  look  oanal,  and  the  work  subsequently  to  be  done  to  oom^ 
plete  the  sea  level  canal. 

Mr.  Deniel  could  not  give  any  information  as  to  the  high  charges  on 
ocean  freights,  or  whether  such  charges  would  prove  prohibitive.  He 
had  not  studied  all  the  different  aspects  of  the  question  of  the  Panama 
Canal,  but  simply  the  engineering  features  of  the  enterprise. 

The  following  statement  as  giving  more  detailed  information  concern- 
ing the  financial  position  of  the  Panama  Canal  Company,  may  be  of 
interest  to  the  members  : — 

On  January  Ist,  1 888,  the  liabilities  of  the  company  amounted  to 
$329,505,100,  as  follows : 

Original  capital $60,000,000 

Loan  of  1882  bearing  interest  at  5  per  cent 25,000,000 

"    1883  "  "    3      "       60,000,000 

''    1884  "  «    4      *'       34,129,200 

"    1885  "  "    4      "       6,837,500 

"    1886  "  ''    3      «       91,760,000 

''    1887  "  "    3      ''       51,778,400 

Total $329,505,100 

From  which  must  be  deducted : 

Promoters'  shares  (10,000  at  $100) $1,000,000 

Discount  on  loan  of  1882 3,125,000 

«        "  1883 25,800,000 

"        "  1884 8,809,500 

''         «  1885 1,765,000 

"         "  1886 51,462,505 

"        ''  1887 28,996,355    120,958,360 

Leaving  a  sum  of. $208,546,740 

Bepresenting  the  cash  raised  up  to  that 
date.  The  amount  paid  up  to  the  same 
date  on  interests,  amortization,  broker- 
age, ete.,  etc.,  is  about : 

Interest  paid  on  original  capital $13,500,000 

Literest  and  amortization  on  loan,  1882...      8,500,000 

"  "  1883...    11,784,000 

1884...       6,061,347 

"  "  1885...         815,030 

"  *'  1886...      4,588,600 


Discussion  on  Pcmcvma  Canal,  17 


Brokers'  and  bankers'  fees,  say  2^  per  oent.     8,237,6 

Gash  paid  for  charter  to  promoters 1,000,000 

Preliminary  expenses • 4,520,000 

Panama  Bailway  (68,534  ont  of  10,000 

shares) 18,776,000      77,781,605 

Leaving  a  sum  of. $130,765,135 

to  defray  all  expenses  such  as  salaries,  buildings,  plant,  excavation, 
eto.,  eto.,  inolading  $25,000,000  for  the  construction  of  the  locks. 


Thursday,  l'7th  January,  1889. 

ANNUAL  GENEEAL  MEETING. 

SAMUEL  KEEFER,  President,  in  the  Chair. 

MORNING  SESBION. 

The  notice  convening  the  meeting  having  been  read,  it  was  moved 
by  Mr.  H.  F.  Perley,  seconded  by  Mr.  E.  Forsyth  and  i-esolved, 

"  That  Messrs.  A.  Brittain,  G.  A.  Mountain  and  F.  Chadwick  be 
requested  to  act  as  scrutineers  for  the  election  of  the  President,  Yice- 
Presidents,  Treasurer,  Librarian,  Secretary,  and  other  Members  of 
Council  for  the  year  1889." 

It  was  moved  by  Mr.  W.  J.  Sproule,  seconded  by  Prof.  McLeod, 

'*  That  the  scrutineers  be  instructed  to  make  a  return  of  all  the  names 
receiving  votes,  together  with  the  number  of  votes  oast  in  each  case,  and 
that  such  return  be  published  in  the  minutes  of  the  annual  meeting." 

It  was  moved  in  amendment  by  Mr.  P.  A,  Peterson,  seconded  by 
Mr.  H.  A.  F.  MacLeod, 

"  That  the  returns  shew  only  the  names  of  the  officers  elected/* 

The  amendment,  on  being  put  to  the  meeting,  was  carried. 

It  was  moved  by  Mr.  St.  G.  Boswell,  seconded  by  Mr.  G.  H.  Garden 
and  resolved^ 

"  That  Messrs.  W.  McL.  Walbank,  T.  W.  Lcsage  and  P.  L.  Naismith 
be  requested  to  act  as  scrutineers  of  the  ballot  for  the  proposed  Amend- 
ments to  the  By-Laws." 

The  minutes  of  the  last  annual  meeting  having  been  read,  it  was 
moved  by  Mr.  W.  J.  Sproule,  seconded  by  Prof.  McLeod, 

"  Tiiat  the  minutes  be  amended  in  accordance  with  the  resolution 
requiring  the  scrutineers  to  make  a  return  of  all  the  names  receiving 
votes,  together  with  the  number  of  votes  cast  in  each  case." 

It  was  moved  in  amendment  by  Mr.  J.  Kennedy,  seconded  by  Mr. 
H.  WaUis, 

'<  That  the  minutes  as  read  be  adopted." 

The  amendment  was  carried. 

The  Secretary  next  read  the  Annual  Report  of  the  Council,  which 
was  as  follows : — 


ANNUAL   REPORT. 

ROLL  OF   THB   S0CIBT7. 

The  Council  notes  with  satisfaction  that  during  the  past  year  the 
membership  of  the  Society  has  steadily  increased.  The  elections  com- 
prised, twenty-eight  members,  nineteen  associate  members,  twenty  four 
associates,  and  thirty-two  students,  while  from  various  causes  nineteen 
have  been  removed  from  the  list,  the  net  increase  for  the  year  being 
eighty-four. 

The  resignations  were : — 

Member^  W.  Barclay  Snow. 

AnocicUe,  Andrew  T.  Drummond. 

During  the  same  period  the  Society  has  lost  one  member  by  death, 
R.  Boag,  a  memoir  of  whom  lias  appeared  in  the  Transactions. 

The  total  number  on  the  list  at  the  present  date  includes,  two  honor- 
ary members,  two  hundred  and  fifty-nine  members,  eighty-seven  asso- 
ciate members,  forty-seven  associates,  and  ons  hundred  and  forty -five 
students,  or  five  hundred  and  forty -two  in  all. 

Experience  has  made  it  evident  that  more  attention  should  be  given 
by  members  to  the  qualifications  required  for  admission  into  the  several 
classes,  and  it  would  much  facilitate  the  work  of  the  Council  if  a  pro- 
poser would  communicate  to  the  Council,  through  the  Secretary,  his 
opinion  as  to  the  proper  classification  of  a  candidate. 

It  should  also  be  borne  in  mind  that  in  the  case  of  the  students,  it  is 
absolutely  necessary  that  the  candidate  should  produce  satisfactory 
evidence  of  a  general  education,  as  required  by  By-Law  18,  for  the 
admission  of  students  who  do  not  possess  a  proper  degree  of  culture 
would  lower  the  tone  of  the  Society. 

It  is  encouraging  to  find  that  eminent  en«;ineers,  both  in  England 
and  the  United  States,  are  enrolling  themselves  as  members  of  our 
Society.  It  is  a  mark  of  its  growing  importance  and  surely  a  presage 
of  its  future  success. 

The  Society  is  to  be  congratulated  on  the  opening  of  the  list  of 
Honorary  Members. 

The  first  name  on  the  list  is  that  of. 

His '  Excellency  the  Eight- Honourable  Lord  Stanley  of  Preston, 
G.  C.  B.,  P.  C,  Governor  General  of  the  Dominion  of  Canada,  &c.,  &o., 
who,  eminent  as  a  statesman,  and  fully  recognizing  the  importance  of 
great  Public  Works,  has  followed  with  deep  interest  the  progress  of 
engineering  science. 
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The  second  name  on  the  list  is  that  of, 

Sir  William  Dawson,  LL.D.,  F.E.S.,  K.C.M.G.,  Viee-Chancellor 
and  Principal  of  McGill  University,  whose  name  would  honour  the  roll 
of  any  scientific  Society,  and  who  was  the  first  to  make  a  practical  move 
in  this  country,  in  the  direction  of  technical  education,  hy  the  estahlish- 
ment  at  McGill  College  of  a  department  of  engineering,  in  the  year  1856. 

In  connection  with  this,  it  is  of  interest  to  know  that  our  first  Pre- 
sident  was  also  the  first  Professor  of  Engineering. 

ORDINARY  MEETINGS. 

There  have  been  sixteen  Ordinary  meetings  of  the  Society  during  the 
year  1888,  at  which  the  following  papers  have  been  read : — 

From  Janwiry  to  Junt : 
On  the  "  Telephone,"  by  F.N.  Gisbome ;  on  the  "  Six-foot  Wooden  Con- 
duit for  the  Toronto  Water  Works,"  by  T.  J.  McMinn;  on  ^^Goncreteas 
a  Substitute  for  Masonry  in  Bridge  Work,"  by  M.  Murphy;  on  *' Eail- 
way  Accidents  and  a  Bailway  Commission,"  by  A.  T.  Drummond ; 
on  the  <'  Canadian  Pacific  Ey.  Bridges  at  Ste.  Anne  and  Van- 
dreuil,"  by  C.  E.  W.  Dodwell ;  on  "  Cedar  Block  Carriage-Ways,"  by 
A.  Macdougall ;  on  "  Electric  Lighting,"  by  H.  S.  Thomberryi  on 
"  Masonry  Arches  for  Eailway  Purposes,"  by  W.  B.  Dawson. 

From  October  to  December  : 

On  the  "  Sewerage  System  of  Vancouver,"  by  E.  Mohun ;  on  the  "  Evo- 
lution of  the  Telegraph,"  by  F.  N.  Gisbome ;  on  the  "  Construction  of 
the  Toronto  Sewers,"  by  C  H.  Kust ;  on  "  Coal  Mining  in  Nova  Scotia," 
by  E.  Gilpin,  Jr. ;  on  "A  Mine  Pump  Working  under  Heavy  Pressure," 
by  H.  S.  Poole;    on  the  "  Spring-Hill  Colleries,"  by  R  W.  Leonard. 

Particular  mention  might  be  made  of  Mr.  Gilpin's  Paper  on  Coal 
Mining,  wliioh  gives  an  exhaustive  description  of  the  present  condition 
of  the  several  collieries,  and  which  will  prove  a  valuable  addition  to  the 
mining  literature  of  the  Dominion. 

Under  the  auspices  of  the  Society,  a  public  lecture  upon  the 
"  Electric  Telegraph  and  other  Electrical  Inventions  '*  was  delivered 
by  Mr.  F.  N,  Gisbome,  member  of  Council,  upon  the  29th  October. 
The  lecture  was  one  of  much  interest,  and  was  listened  to  by  a  large 
and  appreciative  audience.  The  Council  hopes,  from  time  to  time,  to 
make  arrangements  for  similar  lectures  upon  scientific  subjects. 

The  discussions  upon  the  diiferent  papers  have  been  most  animated, 
and  have  considerably  enhanced  their  value.  They  might,  however,  with 
advantage,  receive  still  greater  attention,  and  the  Council  would  especially 
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urge  non-resident  members  to  shew  their  interest  in  the  Society  by 
sending  written  criticisms  of  the  several  papers. 

At  the  conclusion  of  the  Annual  Meeting,  on  the  12th  January, 
1888,  a  Conversazione  was  held  at  McGill  College.  An  important 
feature  of  this  entertainment  was  the  delivery  of  the  Annual  Address 
by  our  past  President,  Mr.  T.  C.  Keefer.  He  most  appropriately 
opened  his  address  by  a  brief  statement  of  the  proceedings  which  had 
led  to  the  formation  of  the  Society,  and  continued  with  a  most  com- 
plete and  valuable  review  of  the  important  engineering  works  of  the 
Dominion,  severally  treating  them  under  the  heads,  Railway,  Hydrau- 
lic, Civic,  Mechanical,  Mining  and  Electrical  Engineering. 

students'  meetings. 

There  have  been  three  Students'  meetings,  at  which  papers  were  read 
on  the  '*  Montreal  and  Maskinonge  Ry.,''  by  E.  S.  M.  Lovelace ;  on  the 
**  Water-supply  of  the  city  of  Charlottetown,  P.E.I.,"  by  S.R.  Lea;  and 
on  "  Locomotive  Construction,"  by  J.  P.  Tuplin. 

Great  care,  thoughtfalness,  and  observation  were  shewn  in  Mr. 
Lea's  paper,  which  the  Council  has  deemed  of  sufficient  merit  to  be 
published  in  the  Transactions.  The  Council  would  impress  on  the 
students,  the  importance  of  making  it  a  more  regular  practice  to 
prepare  papers,  which  will  prove  of  no  small  advantage  to  themselves, 
and  will  fit  them  to  become  valuable  members  of  the  Society. 

LIBRARY. 

Since  the  last  general  meeting,  a  number  of  donations  to  the  Library 
have  been  received,  and  among  these  mention  should  be  made  of  the 
following : — 

From  The  Royal  Societyof  Canada,  a  complete  set  of  the  Proceedings 
and  Transactions  of  the  Society,  up  to  date. 

From  The  Institution  of  Civil  Engineers,  London,  a  further  dona- 
tion of  20  volumes,  in  addition  to  16  vols,  previously  received,  making 
a  complete  set  of  the  Proceedings  from  vol.  59  to  vol.  94  inclusive. 

From  the  Commissioner  of  Patents,  London,  about  200  volumes  of 
Abridgments  of  Specifications  of  Patents. 

A  number  of  valuable  contributions  have  also  been  received  from 
members  of  the  Society. 

Special  reference  should  be  made  to  the  donations  of  Messrs.  T  0. 
Keefer,  Past  President ;  S.  Keefer,  President ;  fl,  F.  Perley,  Vice- 
President  ;  C.  Baillairgd,  L.  M.  Clement,  D.  McMillan,  K.  Blackwell 
and  J.  Peck« 
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A  complete  list  of  members  who  have  6ent  books,  or  money  for  the 
purchase  of  books,  will  be  printed  as  soon  as  possible. 

In  addition  to  the  above,  a  number  of  valuable  and  interesting  photo- 
graphs have  been  presented  to  the  Society. 

Rules  for  the  Library  and  the  catalogue  are  now  in  the  printer's 
hands,  and  will  be  issued  in  a  short  time. 

From  these  rules  it  will  be  seen  that  arrangements  are  being  made^ 
by  which  members  residing  in  the  Dominion  of  Canada  may  borrow 
certain  of  the  books  from  the  Library. 

The  Council  would  again  remind  all  members  of  the  obligations 
contracted  by  them  on  election  to  subscribe  books,  or  their  equivalent, 
to  the  Library.  The  proper  equipment  of  this  branch  of  the  Society's 
work  is  most  essential  to  its  efficiency. 

ACCOMMODATION. 

The  Society  continues  to  use  rooms  at  McGill  University  throuuh  the 
kindness  of  the  Governors.  Some  progress  has  been  made  towards  a 
fund  for  the  erection  of  a  building  to  meet  the  growing  needs  of  the 
Society.  The  following  statement  will  give  the  present  condition  of 
the  Building  Fund. 

BUILDING  FUND. 

The  Building  Committee,  appointed  by  the  Council  tinder  the  reso- 
lution passed  at  the  last  annual  meeting,  has,  during  the  present  year, 
issued  two  circulars,  one  on  the  11th  February  and  one  on  the  1st 
October.  Up  to  the  present  date,  36  members,  13  associate  members, 
2  associates,  and  17  students  have  identified  themselves  with  the  fund, 
the  total  sum  promised  being  $3,281.00,  of  which  amount  91,809.25 
have  been  paid  to  the  Treasurer. 

The  Council  has  been  especially  gratified  to  observe  the  hearty 
response  to  the  circular  on  the  part  of  the  students. 

The  Council,  however,  feels  that  this  important  question  has  not 
attracted  the  consideration  it  deserves,  and  hopes  that  within  the  next 
few  months  large  additions  may  be  made  to  the  Fund. 

FINAN0B8. 

The  income  for  the  year  ended  on  the  31st  December,  1888,  amounted 
to  $2777.64,  and  the  general  expenditure  reached  81789.64,  leaving 
a  balance  of  $988.00,  which,  together  with  the  balance  of  $960.92, 
brought  forward  from  the  year  1887,  gives  a  total  balance  of  $1948.92 
to  be  carried  forward. 
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It  was  moved  by  Mr.  E.  P.  HanDaford,  seconded  by  Mr.  A.  Mao- 
dougall, 

''That  the  Report  of  the  Council  be  received,  approved,  and  printed 
in  the  Transactions.*' 

It  was  moved  by  Mr.  H.  F.  Perley,  seconded  by  Mr.  P.  A.  Peterson, 

''  That  the  following  members  of  the  Society  be  the  Committee  to 
nominate  the  officers  and  council  for  the  year  1889  : — 

''Mr.  T.  C.  Keefer,  Past  Presidents,  Ottawa, 
"     S.  Keefer  "  "  Brockville, 

"     B.  Forsyth,  Chairman,  Montreal. 
"     P.  S.  Archibald,  Moncton,  N.  B. 
"    E.  A.  Hoare,  Quebec. 
"     H.  B.  Smith,  Vancouver,  B.  C. 
"    J.  H.  Taylor,  Kingston,  0.'' 

It  was  moved  in  amendment  by  Mr.  W.  J.  Sproule,  seconded  by 
Professor  McLcod, 

"  That  the  names  of  nominees  be  written  on  the  blackboard  and  be 
voted  upon  by  the  meeting." 

The  amendment  was  lost.  The  main  motion  was  put  to  the  meeting 
and  declared  carried. 

It  was  moved  by  Mr.  Surtees,  seconded  by  Mr.  E.  A.  Evans,  and 
resolved, 

"  That  the  Secretary  be  instructed  to  convey  to  the  Governors  of 
McGill  University  the  thanks  of  the  Society  for  the  accommodation 
generously  provided  in  the  University  Buildings.'' 

It  was  moved  by  Mr.  E.  Wragge,  seconded  by  Mr.  G.  H.  Ghirden,  and 
resolved, 

"  That  the  Secretary  be  instructed  to  convey  to  the  Board  of  Harbour 
Commissioners  the  thanks  of  the  Society  for  the  use  of  an  office  in  their 
building." 

It  was  moved  by  Mr.  Macdougall,  seconded  by  Mr.  J.  H.  Taylor,  and 
resolved, 

"  That  the  Secretary  be  instructed  to  convey  to  the  management  of  the 
Grand  Trunk,  Canadian  Pacific  and  Intercolonial  Rys.,  t^e  thanks  of 
the  Society  for  travelling  facilities." 

The  scrutineers  announced  the  following  as  the  result  of  the  ballot  for 
amendments  to  By-Laws : — 

(a)  Instead  of  4:  read "2Tfe€  Corporate  Society  shalloonsist  of  all 

those  persons  who  had  been  admitted  previous  to  its  incorporation,  toge- 
ther with  all  those  who  may  be  admitted  thereafter.  They  shall 
be  classified  as  Honorary  Members,  Members,  Associate  Members, 
Associates  and  Students.     Honorary  Members  shall  not  be  subject  to 
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fees  or  dues,  and  shall  not  be  entitled  to  vote.  Associates  and  Students 
shaU  possess  all  the  rights  and  privileges  of  Members  and  Associate 
Members,  except  the  right  to  vote  or  to  hold  any  office  but  that  of 
Librarian" — 

Carried  hy  98  per  cent,  of  the  votes 

(h)  Instead  0/6  read,.,"  The  Officers  of  the  Society  shall  consist  of 
a  President,  three  Vice- Presidents ,  Treasurer,  Secretary,  Librarian, 
Honorary  Councillors  B,nd  fifteen  Councillors,  of  whom  not  more  than 
three  may  be  Associate  Members.  At  the  Annual  General  Meeting,  a 
nominating  Committee  shall  be  appointed,  composed  of  five  members, 
and  of  four  past  Presidents  (or  such  smaller  number  as  there  may  be) 
who  are  neither  elective  officers  nor  candidates  for  office,  whose  duty  it 
shall  be  to  select  the  names  of  such  members  as  in  its  opinion  are  qiuili- 
fied  to  fill  the  offices  of  Prencfen^,  Vice-Presidents,  Treasurer,  Secretary, 
Lihrurian  and  Members  of  Council,  for  the  ensuing  near,  and  who  shall 
signify  to  the  Committee  their  willingness  to  accept  their  several  nomi- 
nations. The  list  shall  contain  twenty-six  names,  viz. :  one  for  Presi- 
dent, three  for  Vice-Presidents,  one  for  Treasurer,  one  for  Secretary, 
one  for  Librarian  and  nineteen  for  Councillors.  Such  names  shall  be 
forwarded  to  the  Council,  not  later  than  the  first  day  of  the  following 
November,  and  thereupon  a  copy  of  the  list  of  names  shall  be  sent  to 
each  member  of  the  Society  for  his  guidance  in  voting.  The  Chairman 
of  the  Committee  shall  be  resident  at  the  Head-quarters  of  the  Society. 
The  nomination  list  shall  be  signed  by  a  majority  of  the  members  of  the 
nominating  Committee.  Any  five  members,  not  officers  of  the  Society, 
may  present  to  the  Council,  on  or  before  December  1st,  a  list  of  names 
proposed  by  them  for  officers,  which  list  or  lists  shall  also  be  issued  for 
ballot" Carried  hy  9^  per  cent,  of  the  votes, 

(c)  Instead  of  %  read,.,"  The  President,  or,  in  his  absence,  one  of  the 
Vice-Presidents,  shall  preside  at  all  meetings  of  the  Society.  In  the 
event  of  the  absence  of  the  President  and  of  aU  the  Vice-Presidents,  the 
meeting  may  select  any  member  as  chairman,  the  preference  always 
being  given  to  a  member  of  Council." 

**  Past  Presidents  shaU  be  Honorary  Councillors." 

Carried  by  98  per  cent,  of  the  votes, 

(d)  Instead  of  10  read...*^  The  Treasurer  shall  have  charge  of  the 
funds  of  the  Society,  and  shall  receive  all  money,  pay  all  accounts  and 
orders  approved  of  by  the  President,  or  by  the  Chairman  of  the  Finance 
or  of  the  Library  Committees.     He  shaU  also  deposit  and  invest  the 
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foods  of  the  Society  in  its  name,  and  always  with  the  approval  of  the 
Council.  All  accounts  exceeding  $10  shall  ho  paid  in  cheques,  which 
shall  be  signed  bj  the  Treasurer  and  countersigned  by  one  member  of 
the  Finance  Committee." 

Carried  hy  98  per  cent,  of  ike  votes. 

(c)  Instead  of  12  read..,*^  There  shall  he  a  Council  consisting  of  the 
Prcbident,  Vice-Presidents,  Secretary,  Treasurer,  Honorary  Councillors 
and  Councillors,  and  of  this  Council  five  shall  constitute  a  quorum.     The 

duties  of  the  Council  shall  be to  have  a  general  supervision  of  the 

affairs  of  the  Society,  to  prepare  by-laws,  to  approve  and  classify  can- 
didates before  submitting  their  names  to  ballot,  to  fill  up  vac^mcies  as 
they  occur  amongst  its  members,  to  apply  the  funds  in  the  Treasury, 
to  recommend  the  amount  of  the  appropriations  for  specific  purposes,  and 
to  present  a  report  at  the  annual  meeting  on  the  affairs  of  the  Society, 
embracing  the  report  of  the  Treasurer.  In  no  case  shall  the  Council  incur 
any  expenditure  for  salaried  officers  or  for  extraordinary  purposes,  un- 
less previously  authorized  to  do  so  at  the  annual  meeting,  or  at  a  special 
general  meeting.  The  Council  shall  meet  as  often  as  the  business  of 
the  Society  may  require." 

Carried  hy  98  ^cr  cent,  of  the  votes, 

(/)  Instead  of  A\  read New  By-laws  or  alteration  or  repeal  of 

existing  by-laws  may  be  made  in  the  following  manner :  Notification  of 
proposed  new  By-laws  or  alteration  shall  be  given  to  the  Council,  signed 
by  at  least  ten  Members  or  Associate  Members,  not  later  than  three 
months  before  the  date  of  the  annual  meeting. 

The  (7ounci7  shall  issue  notice  o£  the  projposition,  specifying  the  par 
ticular  new  by-law  or  alteration  or  repeal  of  any  existing  by-law,  which 
may  be  thus  recommended,  and  submit  the  same  to  vote  by  letter  ballot, 
not  less  than  two  months  before  the  annual  meeting,  the  ballot  to  be 
taken  on  or  before  the  date  of  the  annual  meeting,  and  not  less  than 
two-thirds  of  the  votes  cast  shall  be  required  to  effect  any  change.  The 
Council  may  also  propose  new  By-Laws,  or  alterations,  or  repeal  of  ex- 
isting By-Lawe,  and  may  submit  the  same  to  vote  by  letter  ballot  as 

above." 

Carried  by  9SAper  cent,  of  the  votes. 

It  was  moved  by  Mr.  H.  F.  Perley,  seconded  by  Mr.  D.  MacPher- 
son,  and  resolved, 

^'  That  the  thanks  of  the  Society  be  presented  to  the  scrutineers  of  the 
ballot  for  the  Amendments  to  the  By-Laws,  for  the  satisfactory  manner 
in  which  they  had  discharged  their  duties,  and  that  the  ballot  papers 
be  destroyed." 


Arinual  General  Meeting.  27 

▲TTEBNOON  SESSION. 

The  afternoon  session  was  opened  with  the  President's  Address, 
which  was  read  by  the  Secretary. 

It  was  moved  by  Mr.  E.  A.  Evans,  seconded  by  Mr.  E.  E.  Perrault, 
and  resolved, 

"  That  the  thanks  of  the  Society  be  presented  to  Mr.  Herbert  Wallis 
for  his  services  as  Treasurer  during  the  year  1888.*' 

It  was  moved  by  Mr.  Q.  A  Mountain,  seconded  by  Mr.  St.  George, 
and  resolved, 

''  That  the  thanks  of  the  Society  be  presented  to  Mr.  F.  Chadwick 
for  his  services  as  Librarian  during  the  year  1888." 

It  was  moved  by  Mr.  H,  F.  Perley,  seconded  by  Mr.  "W.  P.  Ander- 
son, and  resolved, 

**  That  the  thanks  of  the  Society  be  presented  to  Professor  Bovey  for 
his  services  as  Secretary  during  the  year  1888." 

Messrs.  Wallis,  Chadwick  and  Bovey  having  made  appropriate  replies, 
thanking  the  Sociel^  for  its  expression  of  approval,  the  Secretary  next 
read  the  report  of  the  Scrutineers  for  the  election  of  the  officers  nnd 
members  of  Council  for  the  year  1889,  which  showed  that  the  following 
had  been  duly  elected  as. 

President. 
Colonel  Casimir  S.  G^owski,  A.D.C.,  Toronto. 
VicerFresidents, 
Edmund  P.  Hannaford,  Montreal ;  Henry  F.  Perley,  Ottawa, 
P.  Alexander  Peterson,  Montreal. 
Treasurer. 
Herbert  Wallis,  Montreal. 
lAbrarian.. 
Francis  Chadwick,  Montreal. 
Secretari/. 
Henry  T.  Bovey,  F.RS.C,  Montreal. 
Members  of  Council. 
G.  F.  Baillairg^,  Ottawa.  Frederick  N.  Gisborne,  F.R.S.C. 

J.  Davis  Bamett,  Stratford.  Ottawa. 

Kennet  W.  BlackweU,  Montreal.    William  T.  Jennings,  Toronto. 
St.  George  J.  Boswell,  B.A.Sc.,  John  Kennedy,  Montreal. 

Quebec.  (Jeorge  A.  Keefer,  Vaocouver,  B.C. 

Francis  B.F.  Brown,  Montreal.  Brian  D.  McOonnell,  Montreal. 
GhranviUe  C.Cunningham,  Toronto.  Martin  Murphy,  Halifax,  N.S. 
Edwin  Gilpin,  Jr.,   F.R.S.C.,     E.  Wragge,  Toronto. 

Bedford,  N.S.  J.  Emile  Vanier,  Montreal. 
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The  retiring  president,  Mr.  Samuel  Keefer,  haying  left  the  Chair,  it 
was  taken  by  the  president  elect,  Colonel  C.  S.  Gzowski,  A«D.C. 

It  was  moved  by  His  Exoellency  the  Right  Honorable  Lord  Stanley, 
seconded  by  Sir  Wm.  Dawson,  and  resolved, 

"  That  the  thanks  of  the  Society  be  presented  to  Mr.  S.  Keefer,  for 
the  valuable  and  interesting  address  he  has  this  day  delivered,  and  for 
his  constant  attention  to  and  active  interest  in  the  welfare  of  the 
Society  during  the  time  he  has  occupied  the  President's  chair." 

Mr.  S.  Keefer  replied,  thanking  the  Society  for  its  expression  of 
approval- 
It  was  moved  by  Mr.  A;  MacdougaU,  seconded  by  Mr.  K.  Forsyth, 
and  resolved, 

^'  That  the  thanks  of  the  Society  be  presented  to  the  scrutineers  for 
the  election  of  officers  and  members  of  Council  for  the  year  1889,  for 
the  satisfactory  manner  in  which  they  had  discharged  their  duties,  and 
that  the  ballot  papers  be  destroyed." 

The  meeting  was  then  adjourned. 
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It  is  my  first  duty  to  you  gentlemen,  the  members  of  this  Society,  to 
thank  you  for  the  honor  yon  have  conferred  on  me  by  electing  me  to 
the  presidential  chair  for  the  past  year, — ^the  highest  position  in  his  pro- 
fession a  civil  engineer  can  occupy, — and  I  feel  the  compliment  all  the 
more,  inasmuch  as  to  most  of  you  I  was  personally  unknown.  I  must 
claim  your  indulgence  for  any  shortcomings  on  my  part,  for  owing  to 
non-resideuce  at  head-quarters  my  attendance  at  the  regular  meetings 
has  not  been  as  frequent  as  I  had  hoped,  nor  have  my  efforts  for  the 
advancement  of  the  society  been  commensurate  with  my  interest  in  its 
affdrs. 

It  is  a  satisfaction  to  us  all  to  know  that  under  the  able  presidency  of 
my  predecessor,  your  first  president,  the  society  has  been  so  well  organized 
and  its  council  and  officers  have  been  so  zealous  and  efficient,  tliat  the 
work  has  been  most  successf  uUy  carried  on.     From  the  annual  report  of 
council  it  is  gratifying  to  observe  the  continued  prosperity  of  the  Society, 
and  also  the  interest  which  has  been  awakened  in  its  work  throughout 
the  Dominion.   Its  roll  of  membership  extends  from  Halifax  to  Victoria, 
and  the  field  of  its  operations  covers  half  a  continent.     At  the  end  of 
the  second  year  of  its  existence,  the  Society  numbers  542,  made  up  of  2 
Honorary  members,  259  Members,  87  Associate  members,  47  Associates 
and  147  Students.     I  venture  to  say  that  none  of  the  older  engineers 
had  any  idea  there  were  so  many  members  of  the  profession  in  Canada 
as  have  actually  joined  our  Society.     There  has  been  no  lack  of  original 
papers,  on  engineering  subjects,  to  be  read  at  the  regular  meetings, 
which  have  been  well  attended,  and  the  records  of  the  Transactions  show 
that  the  discussions  been  have  actively  participated  in,  both  in  person 
and  by  correspondence. 

Following  the  traditions  of  the  English  Institution,  I  suppose  the 
established  usage  of  according  to  the  president  the  privilege  of  deliver- 
ing an  address  will  always  be  followed  in  Canada,  though,  with  us,  th& 
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address  is  given  not  at  the  b^inning,  but  at  the  end  of  his  term,  which, 
in  my  humble  judgment,  is  better.  By  your  &yor,  therefore,  the  heavy 
burden  of  delivering  an  address  rests  on  me,  and  truly  I  feel  embarrassed 
by  the  conviction  that  there  are  many  abler  men  in  our  society  who 
could  o£Fer  you  an  address  more  worthy  of  the  occasion. 

To  an  engineer  who  has  seen  much  service  there  can  be  no  lack  of 
subjects  from  which  to  make  a  selection.  In  looking  over  the  wide 
range  of  engineering  activity — of  which  he  gains  a  knowledge  from  read- 
ing, from  study,  and  from  his  own  personal  experience — ^he  finds  too 
many  absorbing  questions  to  attempt  their  discussion,  or  even  to  enu- 
merate them,  within  the  time  allotted  to  an  address.  Therefore, 
instead  of  attempting  a  survey  of  the  whole  field,  it  is  better  to  confine 
himself  to  those  subjects  with  which  he  is  more  familiar,  or  in  which  he 
has  taken  the  most  lively  interest.  I  will  therefore  ask  your  attention 
while  I  refer  to  the  following. 

HYDRAULIC  ENGINEERING. 

As  the  engineering  art  knows  no  boundary  lines,  I  may  be  allowed  at 
the  opening  of  this  subject  to  refer  to  the  recently  constructed  lock  in 
the  State  of  Michigan  at  the  Sault  Ste.  Marie,  opened  for  traffic  in 
1881.  I  do  so  because  it  is  the  finest  piece  of  hydraulic  engineering  I 
have  ever  seen,  and  deserves  prominent  mention.  It  cpmbines  both 
English  and  American  practice,  is  well  designed  and  executed,  and 
altogether  successful  in  operation.  It  reflects  credit  on  the  Engineering 
staff  of  the  United  States  Army  under  whose  designs  and  supervision  it 
was  constructed. 

The  canal  is  one  mile  in  length  and  sixteen  feet  in  depth.  The  lock 
is  at  the  lower  end,  and  is  515  feet  long  between  the  gates  and  80  feet 
wide  in  the  chamber,  with  seventeen  feet  of  water  on  the  sills.  The  lift 
is  eighteen  feet  more  or  less,  according  to  the  fall  in  the  rapids  between 
Lake  Superior  and  Lake  Huron.  The  gates  are  not  set  opposite  to  each 
other  on  the  same  axis,  but  on  parallel  axes  twenty  feet  apart,  so  that 
the  width  between  the  gates  is  reduced  to  60  feet,  while  in  the  chamber 
it  is  80  feet,  the  difference  being  met  by  reverse  curves  on  either  side. 

Advantage  is  taken  of  the  natural  water  power  created  by  the  lock,  to 
establish  by  the  side  of  it  an  "  accumuUUor ''  for  operating  the  gates  and 
valves  by  hydraulic  pressure — in  the  same  manner  as  at  the  London  and 
Liverpool  docks — ^which  works  as  a  charm. 

The  chamber  is  filled  and  emptied  by  culverts  of  large  dimensions, 
under  the  mitre  sills,  without  producing  any  disturbance  of  the  vessel, 
because  the  tunnel  or  culvert  runs  the  whole  length  of  the  chamber. 
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with  openiDgs  at  the  top,  bo  arranged  as  to  distrihate  the  force  of  the  in- 
flowiDg  current  along  the  centre,  entirely  under  the  vessers  keel.  In  1886 
I  timed  the  Can.  Pac.  Ry.  steamer  Arthahaska  passing  through  the 
lock.  It  took  one  minute  and  a  half  to  dose  the  upper  gates,  seven 
minutes  and  a  half  to  empty  the  lock,  and  one  minute  and  a  half  to  open 
the  lower  gates,  altogether  from  the  time  of  entering  the  lock,  to  the  time 
of  going  out  of  it  again,  the  passage  was  made  in  thirteen  minutes, 
and  there  was  no  hurry  about  it.  No  doubt,  a  single  vessel,  with  dis- 
patch, could  be  passed  through  the  lock  in  less  time  than  this. 

It  is  only  by  the  great  initial  pressure  afforded  by  the  accumulator^ 
about  600lbs.  on  the  square  inch,  that  the  valves  and  gates  could  be  com- 
manded with  so  much  ease  and  rapidity.  This  system  has  been  seven 
years  in  operation,  and  its  efficiency  proves  the  great  care  and  skill  with 
which  all  the  details  of  construction  have  been  wrought  out.  The  lock 
was  six  years  in  building,  and  cost,  including  the  enlargement  of  the 
canal,  somewhere  about  three  millions  of  dollars. 

Besides  this,  there  are  two  other  locks,  now  called  the  ''  old  locks,'' 
built  by  the  State  of  Michigan,  and  first  opened  in  1855,  which  are  still 
in  use. 

These  old  locks  are  combined,  having  lifts  of  nine  feet  each  to  over- 
come the  whole  fall  of  eighteen  feet.  The  chambers  are  350  feet  long, 
70  feet  wide,  and  twelve  feet  on  the  sills.  The  gates  are  suspended  from 
pillars  seated  on  the  coping  of  the  quoins,  and  the  chambers  are  filled 
and  emptied  through  the  gates  in  the  old-fashioned  way.  The  old  canal 
and  locks  were  assumed  by  the  U.S.  government  in  1881.  The  regis- 
tered tonnage  passing  through  the  old  and  new  locks  in  1886  amounted 
to  upwards  of  four  million  tons,  and  it  all  passes  free,  both  domestic  and 
foreign.  The  staple  articles  of  this  commerce  are,  coal,  copper,  flour, 
grain,  iron  ore,  pig  and  manufactured  iron,  lumber,  salt,  silver  ore 
and  building  stones.  Before  the  opening  of  this  canal,  the  commerce 
here  was  nil.  It  had  its  birth  in  1855,  and  so  astonishing  has  been  its 
growth  that  it  threatens  soon  to  exceed  the  capacity  of  both  locks,  in 
yiew  of  which  the  United  States  Government  has  already  commenced  a 
second  enlargement,  the  estimated  cost  of  which  reaches  nearly  five  mil- 
lions of  dollars. 

This  new  lock  is  to  occupy  the  site  of  the  old  combined  locks,  and 
is  to  surpass  all  other  locks  in  the  grandeur  of  its  dimensions.  It  will 
have  a  chamber  800  feet  long  between  the  gates,  the  width,  both  in 
the  chamber  and  at  the  gates  100  feet  throughout,  and  the  depth  on  the 
eiUs  21  feet.  Of  course  there  are  no  vessels  on  the  upper  lakes  large 
enough  to  fill  such  a  look  as  this,  but  it  is  designed  to  pass  a  fleet  at  a 
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single  lockage^tugs  with  their  tow  of  harges  and  craft  of  all  sorts. 
The  canal  is  to  be  deepened  to  twenty  feet^  and  the  same  depth  of 
channel  throughout  the  rivers  that  connect  the  great  lakes  has  been 
adopted  as  the  ultimate  aim  of  the  C.  S.  Government  improvements. 

SAULT   STE.    MARIE  CANAL  IN  OANADA. 

Canada  has  been  slow  in  availing  herself  of  her  great  opportunities 
at  the  Sault  Ste.  Marie.  In  1852,  I  was  sent  there  by  the  Government 
to  survey  for  a  canal  on  the  Canadian  shore,  and  although  I  found  a 
most  favorable  line,  and  submitted  plans  and  estimates,  nothing  ^rther 
was  done.  The  canal  commission  of  1871  recommended  its  construc- 
tion, and  yet  no  action  was  taken  until  last  year,  when  the  canal 
was  surveyed  by  the  Chief  Engineer  of  the  Department  of  Railways 
and  Canals,  and  the  works  placed  under  contract. 

There  is  to  be  one  lock  of  eighteen  feet  lift  to  overcome  the  whole 
fall  at  the  Bapids  which  varies  from  17  to  18  feet  or  more,  It  is  to  be 
construpted  substantially  according  to  the  one  on  the  opposite  side  of 
the  river,  and  will  be  operated  by  hydraulic  power  in  the  same  manner 
but  it  will  be  somewhat  longer.  The  chamber  will  be  600  ft.  in  length 
between  the  gates,  85  feet  wide,  and  narrowed  at  the  gates  to  60  feet  on 
opposite  sides. 

THE  WELLAND  CANAL  AND   ST.   LAWRENCE   NAVIGATION. 

There  can  be  no  more  satisfactory  evidence  of  the  prosperity  of  a 
country  than  the  increase  of  the  facilities  for  intercommunication  afforded 
by  canals  and  railways.  Canals  are  put  first,  because  it  was  by  them 
that  Canada  first  began  her  system  of  public  works.  The  Welland, 
the  St.  Lawrence,  the  Ottawa,  the  Eichelieu  and  the  Trent  were  all 
began  before  confederation,  and  even  before  the  union  of  the  Provinces 
of  Upper  and  Lower  Canada. 

As  an  evidence  of  progress,  reference  may  be  made  to  the  repeated 
enlargements  of  our  more  important  works  on  the  Welland  and  St. 
Lawrence  navigation.  The  canals  have  been  twice  enlarged,  the 
enlargement  is  in  progress  with  the  intention  of  providing  a  draft  of  14 
feet  throughout,  and  steady  progress  has  been  made  in  deepening  the 
channel  between  Montreal  and  Quebec,  until  it  has  now  reached  a  depth 
suitable  for  ocean  steamers,  of  27^  feet  at  low  water. 

The  Welland  Canal,  projected  by  the  Hon.  William  Hamilton  Merritt, 
was  begun  by  a  private  company  in  1824,  and  opened  in  1829.  It  was 
constructed  under  Alfred  Barrett  their  engineer.  The  locks  were  all  of 
wood  and  their  dimensions  110  fl,  x  22  ft.  x  8  ft.  The  wooden  walls 
bulged  out  on  either  side  of  the  chamber^  and  had  to  be  hewn  down  from 
time  to  time  to  let  the  vessels  pass. 
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Id  1341,  this  work  was  assumed  by  the  goverameDt,  and  the  first 
enlargement  was  begun  the  same  year  ander  Samuel  Power,  the  resident 
engineer.  The  locks  were  made  150'  x  26  J'  x  9'  of  solid  stone  masonry, 
and  are  in  use  to  this  day.  The  canal  was  opened  in  1845,  but  being 
yet  unfinished  when  Mr.  Power  resigned,  it  fell  to  my  lot  to  carry  on 
the  works  during  the  years  1846,  1847  and  1H48,  until  recalled  to  head- 
quarters. By  raising  the  banks  and  lock  walls  the  draft  was  increased 
to  ten  feet 

The  second  enlargement  was  begun  in  1871,  and  completed  in  1887 
It  was  not  that  the  volume  of  trade  exceeded  the  capacity  of  the  former 
enlargement,  but  because  the  locks  were  not  large  enough  to  pass  the 
larger  class  of  vessels,  that,  at  a  cheaper  rate,  were  carrying  the  trade 
past  the  canal  to  Buflfalo,  and  in  order  to  cheapen  traffic  and  secure  a 
fair  share  of  the  Western  trade,  larger  locks  and  a  larger  canul  were  ab- 
solutely necessary. 

The  Canal  Commission,  appointed  in  1870  to  report  on  the  scale  of 
navigation  suitable  for  the  canals,  recommended  the  enlargement  of  the 
Welland  and  St.  Lawrence  Canals,  for  a  draft  of  twelve  feet,  with  locks 
270^  X  45'  X  12^,  and  the  enlargement  was  b^un  in  1871  on  this  scale  ; 
but  before  the  work  had  far  advanced,  tlie  Qovernnient  decided  the 
draft  should  be  increased  to  fourteen  feet,  and  as  before  stated,  the 
Welland  canal  has  been  completed  on  this  scale,  and  such  of  the  locks 
as  have  been  built  on  the  St.  Lawrence  canals  are  of  the  same  dimen- 
sions. 

In  the  infancy  of  our  Canadian  trade,  the  most  sanguine  of  our  com- 
mercial men  could  scarcely  have  anticipated  such  remarkable  develop- 
ment in  the  course  of  half  a  century,  and  yet  with  all  our  progress,  it 
cannot  be  affirmed  that  we  have  reached  the  maximum.  Even  now,  if 
the  scale  of  navigation  could  be  considered  an  open  question,  it  is  likely 
the  length  of  the  locks  and  the  depth  of  navigation  from  Lake  Superior 
to  tide  water  would  be  further  increased,  and  the  number  of  looks  re- 
duced. 

It  has  been  suggested  that  some  reference  should  be  made  to  the  first 
eonstruction  of  the  Cornwall  canal,  the  enlargement  of  which  is  now  in 
progress,  especially  to  that  portion  of  it  between  Moulinette  and  Mille- 
Toohes,  where  the  breaches  have  occurred,  and  it  is  my  intention  to  do 
BO,  not  in  this  address,  but  in  a  paper  specially  prepared  with  illustra- 
tions, to  be  read  at  one  of  the  regular  meetings  of  the  Society.  Having 
spent  nearly  six  years  of  my  younger  days  as  assistant  engmeer,  under 
L  B.  Mills  and  Colonel  Phillpotts,  resident  engineers  in  its  construction, 
I  may  daim  the  privilege  of  contributing  the  facts  in  relation  to  the 
formation  of  the  banks,  that  have  come  under  my  own  observation. 

0 
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This  much,  however,  may  be  said  here. 

The  canal  and  its  banks  were  constraoted  of  ample  dimensions.  The 
canal  was  100  feet  wide  at  bottom,  and  10  feet  deep.  The  embankment 
was  raised  to  fourteen  foct  above  canal  bottom,  and  made  twelve  feet 
wide  at  top  with  slopes  on  either  side  of  two  to  one. 

That  portion  of  the  canal  embankment  on  the  upper  reach,  which  for 
upwards  of  a  mile  in  length  from  Moulinette  to  Milleroches  holds  the 
water  in  the  cunal  at  a  level  of  about  twenty  feet  above  the  branch  of  the 
St.  Lawrence,  which  runs  alongside,  is  in  part  founded  upon  the  treach- 
erous clay  bottom  in  which  were  found  springs  of  water,  and  in  part  in 
side  cutting  permeated  by  streaks  of  sand.  The  embankment  over 
this  ground  was  formed  with  extra  care,  the  earth  being  laid  on  in  courses 
with  carts,  and  where  the  outer  slope  ran  out  into  the  river  it  was  pro- 
tected by  boulder  stones  along  its  outer  edge.  Where  springs  were 
found  under  the  seat  of  the  embankment  they  were  led  out  to  the 
river's  edge  by  French  drains,  and  where  the  streaks  of  sand  were  en- 
countered in  the  side  cutting  they  were  cut  off  by  puddle  trenches,  six 
feet  deep  or  more,  and  the  bottom  and  side  bank  lined  with  puddle 
three  feet  thick  from  the  puddle  trench  to  high-water  nuirk.  This  mode 
of  protection  was  not  continuous  over  the  whole  line,  but  was  confined 
to  such  parts  of  the  bank  only  as  appeared  to  require  it. 

Since  the  opening  of  the  canal,  there  have  been  severtil  breaches  in  this 
bank,  the  last  and  worst  of  all  was  the  breach  of  last  fall,  which  inflict- 
ed such  serious  damage  upon  the  trade  of  the  St.  Lawrence  last  year. 
The  occurrence  of  these  breaks  from  time  to  time,  notwith-standini;  all 
the  care  observed  in  the  construction  of  the  canal,  proves  not  only  that 
the  methods  taken  to  secure  the  bank  had  failed,  but  is  a  clear  indica- 
tion that  the  true  cause  of  all  the  trouble  had  not  been  reached  and  was 
not  fully  understood,  and  until  the  cause  was  known  the  proper  remedy 
could  not  be  applied.  The  event  proves  thnt  springs  of  water  or  streaks 
of  sand  reached  by  the  water  have  caused  the  banks  to  slide,  and  then 
to  give  way  to  the  pressure  from  the  canal. 

These  facts  have  an  important  bearing  upon  the  enlargement  of  the 
existmg  line.  The  enlarged  canal  is  to  be  six  feet  deeper  than  the  old 
one.  Sixteen  feet  of  water  instead  of  ten  feet  implies  greater  strain  upon 
the  bank,  and  a  deeper  searching  after  the  hidden  springs  and  streaks 
of  sand  that  may  be  interposed  between  the  canal  bottom  and  the  river. 

In  view  of  these  facts*  I  do  not  think  it  possible  to  ensure  the  enlarged 
canal  against  breaches  if  the  enlargement  is  confined  to  the  line  of  the 
existing  canal.  What  then  should  be  done  ?  It  is  not  for  this  society 
to  offer  advice.  Its  functions  are  not  executive  ]  but  all  purely  engineer- 
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ing  questions  directed  to  the  advancement  of  the  profession  may  pro- 
perly be  discnssed — nothing  more. 

I  m:iy  inform  this  society  that  in  my  individanl  capacity  I  have 
already  sa^ested  an  alternative  plan  which  will  avoid  the  risks  referred 
to.  This  plan  is  simply  to  abandon  the  old  canal  for  the  three  miles 
opposite  Sbeek's  Island,  which  is  a  Canadian  island,  and  to  throw  dams 
across  the  narrow  channels  at  the  head  and  foot  of  this  island  to 
raise  the  water  up  to  canal  level,  and  form  a  lake  three  miles  long, 
one-third  of  a  mile  wide,  and  16  to  20  feet  deep  —  substituting  a 
lake  for  a  canal,  and  leaving  the  old  canal  untouched. 

The  accumulated  wealth  of  the  last  quarter  of  a  century,  ever  seeking 
investment  in  profitable  enterprises,  has  been  employed  chiefly  in  the 
development  of  the  railway 'system ;  but  of  late  years,  interest  has  been 
awakened  in  canals, — ship  canals  of  the  larger  class.  It  has  been 
found  that  the  smaller  canals — ^boat  and  barge  canals — cannot  compete 
with  railways,  which  are  ever  winning  traffic  from  them,  and  will,  no 
doubt,  in  the  end,  supersede  them  altogether.  But  this  does  not  hold 
with  regard  to  ship  canals,  like  the  Suez,  the  Amsterdam,  the  Caledonia, 
the  Welland,  the  St.  Lawrence,  and  the  Sault  Ste.  Marie.  The  con- 
struction of  the  Liverpool  and  Manchester  ship  canal  now  in  fair  pro- 
gress is  an  evidence  of  this  revival,  and  it  is  remarkable  to  observe  how 
nearly  the  great  tidal  lock  at  Eastham,  where  this  canul  leaves  the 
Mersey,  corresponds  in  dimensions  with  the  lock  that  has  been  built,and 
the  one  about  to  be  built  at  Sault  Ste.  Marie.  It  is  600  feet  long  and  80 
feet  wide.  There  are  also  two  other  locks,  one  350'  x  56',  and  the  other 
150'  X  30'.  The  canal  is  to  be  120  feet  wide  at  bottom  and  26  feet  deep. 

RAILWAY  ENGINEERING. 

The  history  of  railway  construction  during  the  last  decade  is  preg* 
nantwith  important  le&sons — important  to  capitalists,  to  the  profession, 
and  to  the  public  at  large.  While  construction  is  advancing  with 
unexampled  speed,  the  aim  is  still  to  produce  ultimately  a  first  class 
road,  to  shorten  the  distances  by  rail  between  objective  points,  to 
secure  good  alignments  with  easy  gradients  and  easy  curvature,  as  well 
for  safety  and  a  higher  speed  as  for  the  general  economy  of  the  train 
service. 

To  save  time  in  construction  and  hasten  the  opening  of  an  important 
line,  it  may  for  a  time  be  necessary,  in  remote  places,  to  employ  tempo- 
rary expedients  in  order  to  establish  the  track  in  the  shortest  possible 
time,  such  as  trestle  or  pile  bridges,  or  other  contrivances  of  the  same 
temporary  nature,  but  still  the  object  is  to  get  rid  of  these  as  soon  as 
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possible,  and  finally  to  eliminate  from  the  road-bed  all  perishable 
material.  The  engineers  who  have  had  the  most  experience  in  the 
maintenance  of  the  permanent  way  are  now  deeply  impressed  with  the 
supreme  importance  of  a  continnous  track  resting  on  a  solid  bank  of 
earth,  unbroken  by  wooden  trestle  bridges  or  by  open  beam  culverts, 
always  liable  to  accident  from  decay,  from  fire,  or  from  derailment  of 
trains.  It  is  the  existence  of  such  temporary  works,  maintained  too 
long  on  any  line  of  railway,  that  gives  rise  to  what  are  properly  classed 
as  preventable  accidents.  It  is  the  part  of  wisdom  and  prudence  to 
replace  all  such  imperfect  works  as  sooo  as  possible  by  permanent  solid 
embankments,  and  stone  culverts,  or  iron  pipes  covered  with  clay  and 
ballast. 

Latterly  it  would  seem  as  if  a  demand  had  sprung  up  for  a  higher 
rate  of  speed,  both  in  Great  Britain  and  the  United  States.  Time  in 
this  advanced  age,  with  all  its  hurry  and  bustle,  has  become  an  element 
more  precious  than  silver  or  gold.  It  is  the  fust  train  that  wins  the 
traffic.  To  save  time  and  distance  capitalists  are  spending  their 
millions  on  the  Forth  Brid(i;e,  the  completion  of  which— expected  this 
year — will  lead  to  an  acceleration  of  trains,  and  a£Ford  the  quickest 
route  to  the  north  of  Scotland.  It  is  confidently  expected  that  this 
line  will  secure  the  traffic  and  earn  the  dividends. 

Some  of  the  great  roads,  that  are  always  kept  in  a  high  state  of 
efficiency,  and  are  favourable  to  fast  running,  have  been  testing  their 
running  powers  during  the  past  year.  They  have  exceeded  the  speed 
of  the  **  Flying  Dutchman  "  on  the  Great  Western,  and  the  **  Wild 
Irishman  **  on  the  Holyhead  line,  and  the  equally  swift  trains  of  the 
London  and  Brighton.  On  some  of  the  better  portions  of  these  lines,  on  the 
Great  Northern,  and  on  the  Pennsylvania  Central,  the  New  York  Cent- 
ral, and  one  of  the  lines  in  Michigan,  trains  have  been  running  from 
70  to  75  miles  an  hour  with  perfect  safety ;  but  from  the  fact  that 
this  startling  rate  of  speed  is  not  continued,  it  is  to  be  inferred  that  the 
public  is  not  yet  prepared  for  this  advanced  style  of  travel. 

It  is  encoura<;ing,  however,  to  the  rising  engineers  of  our  young 
country  to  find  that  such  is  the  spirit  of  the  age  in  which  we  live.  With 
greater  confidence  they  may  now  apply  their  highest  art  in  the  construc- 
tion of  our  railways  for  the  future.  It  must,  however,  be  remembered  that 
such  a  rate  of  speed  as  that  just  mentioned  cannot  be  maintained  with 
safety,  except  upon  a  perfect  track — one  that  has  been  wisely  located 
through  a  favorable  country,  is  the  best  engineering  line  between  objec- 
tive points,  has  been  constructed  in  the  best  manner,  and  has  been  conso- 
lidated by  time  and  use.    They  may  now  revert  to  first  principles,  to  the 
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examples  set  by  the  Stephensons,  when  they  first  projected  their  lines, 
when  they  cut  down  hills  and  filled  in  valleys  in  order  to  make  the 
crooked  places  straight  and  the  rongh  places  smooth,  spurnins;  mere 
surface  lines  that  followed  the  natural  inequalities  of  the  ground  as 
we  sometimes  see  in  Canada  ;  they  preferred  going  boldly  through  a 
mountain,  or  around  it,  to  climbing  it  Seeing  that  the  force  of  gravity 
is  constant,  there  must  of  course  be  a  greater  expenditure  of  mechanical 
power  to  overcome  it,  and  no  feats  of  engineering,  be  they  ever  so 
clever,  can  get  rid  of  it.  Still  we  must  not  lose  sight  of  the  fact  that 
since  their  time  a  wonderful  amount  of  courage  and  inventive  skill 
have  been  displayed  of  late  years  in  mountain  climbing,  particularly 
in  Switzerland,  where  their  engineers,  being  as  it  were  to  the  manor 
born,  have  taken  to  it  naturally  and  from  necessity.  By  means  of  the 
endless  rope  or  rack-railway  they  go  directly  up  mountain  slopes  as 
steep  as  one  in  four.  Of  late,  in  the  Hartz  mountains  of  Germany,  a 
happy  combination  of  the  ordinary  with  the  r.ick -railway  systems  has 
been  put  in  successful  operation.  The  maximum  gradient  of  1  in  16 
is  provided  with  the  rack  rail,  and  the  locomotives  are  arranged  to  work 
in  the  ordinary  way  on  grades  up  to  1  in  40 — the  pinion  and  rack 
being  put  into  gear  when  the  steep  inclines  are  to  be  surmounted. 
American  engineers  have  likewise  displayed  great  skill  and  judgment 
in  solving  the  problems  of  mountain  railways.  By  limiting  themselves 
to  certain  maximum  gradients  practicable  for  ordinary  work,  and  to 
curves  of  mini  mum  radius,  they  have  been  able  to  overcome  the  difficul- 
ties of  location  in  mountain  passes  by  the  devices  of  loop  lines,  switch 
backs,  or  zigzag  lines  and  spiral  curves,  through  which  distance  is  gained 
to  secure  the  ruling  gradient  By  such  clever  devices  the  benefits  of 
railway  service  have  been  carried  to  many  remote  districts  otherwise 
inaccessible  and  isolated.  Still  from  the  nature  of  things,  and  from  the 
physical  obstacles  necessarily  encountered,  they  cannot  rank  as  first 
class  railways,  not  being  adapted  for  speed  or  heavy  traffic.  The 
decision  in  such  cases  rests  between  an  imperfect  railway  or  no  railway 
ataU. 

In  the  development  of  the  railway  system,  since  George  Stephenson, 
in  1829,  placed  the  first  true  locomotive,  the  ''  Rocket^"  on  the  rails  of 
the  Liverpool  and  Manchester  Railway,  we  may  count  the  improvements 
which  have  been  made  from  time  to  time  towards  the  establishment  of 
the  system  as  we  find  it  in  our  day.  The  ablest  minds,  the  most  skil- 
ful mechanics,  have  for  half  a  century  directed  their  attention  to 
this  noble  work,  and  by  their  united  effi)rts  have  produced  the  most 
wonderAil  system  of  locomotion  the  world  has  ever  seen.    It  will  be 
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remembered  that  some  of  the  most  important  of  these  improvements  are : 
(1)  Id  the  formation  of  the  permanent  way,  there  was  a  fight  between 
the  longitudinal  and  cross -bearing  of  the  rails,  which  was  soon  decided 
in  favor  of  the  latter,  and  the  cross  ties  (or  sleepers  as  they  are  called 
in  England)  are  now  universally  adopted.  (2)  The  battle  of  the 
gauges  was  then  fought  out,  leaving  us  the  standard  4'.  8^",  as  first 
employed  by  the  Stephensons,  and  now  generally  prevalent,  not  so  much 
on  account  of  its  intrinsic  merits  as  for  the  reason  that,  being:  the  first 
in  the  field,  it  had  the  greatest  mileage  when  the  question  of  the  gauge 
iiad  to  be  settled,  and  any  departure  from  it  meant  isolation,  involving 
the  inconvenience  and  expense  of  transhipment  at  every  break  of  gauge, 
or  else  providing  a  mixed  gauge  by  layino  down  a  third  rail.  (3)  A 
superior  class  of  material,  viz.,  stoel,  has  taken  the  place  of  iron  for  rails, 
for  the  tyres  of  driving  wheeU,  and  other  parts  of  the  locomotive,  and 
has  been  largely  used  in  bridge  construction.  The  prestige  and  power 
of  the  railway  system  has  lecn  immensely  increased  by  the  substitution 
of  steel  rails  for  iron  rails.  The  change  has  given  great  satisfaction  to 
railway  men,  greater  safety  to  travel,  and  greater  economy  in  the  trans- 
port of  goods.  Intense  frost  has  more  e£Fect  on  iron  than  on  steel, 
and  sometimes  pbiys  havoc  with  iron  rails.  In  my  early  experience  at 
the  first  opening  of  the  Grand  Trunk,  before  the  introduction  of  steel 
rails,  we  were  always  liable  in  winter  to  accidents  from  broken  rails. 
I  remember  on  one  occasion,  after  a  killing  frost  by  night,  followed  by 
bri<;ht  sunshine  the  next  morning,  no  less  than  thirteen  rails  were 
broken  between  BrockviUe  and  Montreal,  and  a  new  Birkenhead  with 
leading  wheels  did  it.  It  was  the  bridge,  or  U  rail,  that  was  most  liable 
to  breakage,  for  the  reason,  as  I  imagined,  that  the  hollow  seat  of  the  rail 
kept  it  cold,  while  the  sun's  action  on  the  top  warmed  and  expanded 
the  top-bearing  surface,  and  so  the  opposing  forces  of  cold  and  heat 
weakened  the  rail.  Since  the  introduction  of  steel  rails  we  rarely  bear 
of  a  broken  one. 

It  is  not  often  that  the  beH  material  is  likewise  found  to  be  the 
cheapest,  and  it  is  well  for  those  who  travel  that  steel  rails  are  not  only 
more  durable  and  safer  than  iron  rails  but  they  are  also  cheaper.  During 
the  past  year  they  were  sold  f.o.b.  in  England  as  low  as  £4  per  ton. 
The  enormous  capacity  of  production  of  modern  steel  works  both  in 
Great  Britain  and  in  the  United  States  must  tend  to  keep  down  prices. 
It  is  the  actual  cost  of  production,  which  in  the  long  run  must  be  the 
basis  of  price.  In  the  case  of  steel  it  has  continued  to  fall,  while  in 
iron-making  the  troublesome  intermediate  process  of  puddling  hinders 
reduction  below  a  certain  point. 
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(4)  The  antomatio  air  brake  of  Westinghonse  has  proved  a  great 
boon  to  the  railway  service.  Bj  affording  more  perfect  control  of  trains 
in  motion  it  has  been  the  means  of  averting  many  accidents,  and  con- 
sequently has  been  very  generally  adopted  on  the  passenger  trains  of  all 
first  class  roads.  If  the  Bailway  companies  could  see  their  way  to 
adapting  the  same  system  continuously  to  the  freight  trains  instead  of 
the  hand  brakes  now  in  use,  there  would  be  greater  security  for  life  and 
property  j  and  if  the  brakesmen  were  not  exposed  to  the  danger  of  walking 
on  the  tops  of  the  cars,  the  height  of  tunnels  and  overtrack  bridges  might 
be  made  seven  feet  less,  thereby  much  reducing  the  cost  of  construction. . 

Another  desideratum  is  the  want  of  uniformity  in  the  construction  of 
freight  cars,  but  especially  the  want  of  a  uniform  car  coupler.  Going 
through  any  of  the  yards  of  the  Grand  Trunk  Railway,  or  any  other 
railway  in  Canada,  there  may  be  seen  many  different  kinds  of  cars  from 
all  parts  of  the  United  States  and  Canada,  all  mixed  up  in  the  same 
freight  train.  The  coupling  of  this  promiscuous  lot  of  oars  becomes  a 
dangerous  operation  for  the  servants  of  the  company.  In  the  160,000 
miles  of  railways  on  this  continent,  this  same  dangerous  operation  is 
going  on  daily  and  nightly,  with  frequent  loss  of  life  or  limb.  To 
avert  this,  railway  men  have  long  earnestly  desired  to  find  a 
remedy.  They  have  exercised  their  inventive  genius  in  devising  self- 
acting  car  couplers,  and  in  the  patent  offices  may  be  seen  any  number 
of  them  ;  but  it  is  obvious  that  until  the  cars  are  of  uniform  construc- 
tion so  that  their  buffers  shall  meet  fairly,  and  the  coupling  be  always 
at  the  same  height  over  the  rails,  and  fairly  in  the  axis  of  the  railway 
they  cannot,  if  ever  so  well  designed,  be  generally  adopted  so  long  as 
they  have  such  a  variety  of  rolling  stock  to  provide  for. 

It  has  often  occurred  to  me  that  an  effectual  remedy  to  this  state  of 
things  might  be  provided  by  the  united  efforts  of  the  Railway  Compan* 
ies  in  Canada  and  the  United  States.  Let  all  the  great  leading  com- 
panies send  delegates  to  an  international  convention  to  meet  at  some 
convenient  and  central  place.  The  convention  should  be  composed  of 
skilled  mechanics,  mechanical  superintendents  and  railway  managers, 
whose  duty  it  should  be  to  investigate  the  question,  and  report  on  the 
best  means  of  protecting  the  brakesmen  and  car  couplers  from  the  dangers 
incident  to  their  calling.  And  should  this  international  convention  unite 
in  su^esting  a  practical  remedy,  one  that  meets  the  general  approval 
of  the  companies,  the  sanction  of  legislative  authority  might  then  be 
given  it  by  both  countries.  Such  legislation  would  be  an  act  of  humani- 
ty worthy  of  two  christian  nations  whose  interests  in  this  matter  are 
identical. 
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THB   FORTH  BBIDOE. 

Tbifl  stupondouB  struoture,  b^an  in  1883,  is  gradually  but  sarely 
approaching  completion,  and  will  probably  be  opened  for  traffic  next 
autumn.  This  design  of  the  engineers— Sir  John  Fowler  and  Mr. 
Benjamin  Baker,  under  whose  personal  directions  the  works  have  been 
carried  on — ^has  been  so  fully  described  in  the  engineering  newspapers, 
and  the  progress  of  the  work  so  faithfully  reported  from  time  to  time — 
that  it  is  unnecessary  to  enter  into  these  details  ;  but  the  length  of  time, 
six  years— occupied  in  its  construction,  and  the  large  force  employed, 
sometimes  numbering  more  than  four  thousand  men,  furnish  the  best 
idea  of  its  great  magnitude.  The  bold  conception  of  such  a  work  as 
this,  and  the  skill  and  ability  shown  in  carrying  it  out,  to  me  is  most 
surprising  and  most  admirable.  The  profession  has  been  stnis^ling  for 
years  to  devise  a  great  span  bridge  that  shall  be  rigid  and  suitable  for 
railway  traffic,  but  has  never  been  able  to  get  much  beyond  a  span  of 
500  feet.  Suspension  bridges,  it  is  true,  might  be  extended  to  three  or 
four  times  that  span,  but  they  can  never  be  stiffened  sufficiently  for  the 
fafe  paRsage  of  trains  at  speed,  and  are  therefore  unsuitable  for  ordinary 
railway  service.  But  in  the  Forth  Bridge,  the  engineers  have  jTer  taltum 
carried  the  practical  span  from  500  to  1700  feet,  and  there  are  two 
spans  of  this  length.  The  towers  rise  to  a^height  of  340  feet  over  high 
water,  and  the  headway  under  the  bridge  is  150  feet.  The  depth  of 
water  between  the  piers  is  200  feet  The  steel  employed  in  its  construc- 
tion amounts  to  52,000  tons. 

In  ancient  times  the  Colossus  of  Bhodes  was  counted  one  of  the 
wonders  of  the  world.  It  is  a  mere  pigmy  compared  to  this  colossus  of 
bridges.  This  brass  statue  of  Apollo  stood  130  feet  high,  and  weighed 
321  tons.  If  floated  erect  upon  a  barge  it  would  pass  as  easily  under 
the  Forth  Bridge  as  the  steamers  of  the  St.  Lawrence  pass  under  the 
Victoria  Bridge  here  in  Montreal. 

THE  CANADIAN  PAOIFIO  BAILWAT. 

So  much  has  been  written  of  late  on  the  subject  of  the  Canadian 
Pacific  Eailway — ^it  has  been  so  well  described — and  such  great  kudos 
awarded  to  the  company  for  its  enterprise  and  courage,  its  energy  and 
perseverance  in  the  prosecution  of  this  great  national  railway,  that  it 
would  seem  as  if  the  subject  were  exhausted,  and  there  was  nothing 
more  to  be  said.  Still  there  is  room  for  a  few  remarks  in  reference  to 
the  present  location  of  the  line  through  the  Rocky  Mountains.  There 
are  certain  defects  on  this  portion,  described  by  competent  engineers, 
arising  from   hasty  construction,  and  the  necessity  of  opening  the 
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railway  for  traffic  with  the  least  possible  delay,  which  limit  the  speed 
and  capacity  of  trains  over  nine  of  the  one  hundred  aod  thirty-four  miles 
which  embrace  all  the  grades  exceeding  one  per  cent,  through  the  Eockies 
and  Selkirks.  The  maximnm  ruling  grade  throughout  the  line  east  and 
west  of  these  ranges  is  one  per  cent.,  whereas  for  six  miles  in  the 
Kicking  Horse  Pass  the  grade  b  four  and  one  half  per  cent.  To  protect 
the  track  on  the  flanks  of  the  Selkirk  range,  and  in  the  Eagle  Pass  of 
the  Gold  range,  against  snowslides  and  avalanches,  about  seven  miles  of 
heavy  timber  suowsheds  have  been  constructed.  Some  of  these  form 
an  artificial  tunnel  over  the  track,  and  are  built  of  solid  timber  crib 
work  at  great  cost  In  order  to  protect  these  against  fire,  a  complete 
83r8tem  of  fire  protection  afforded  by  abundant  streams  from  the  moun- 
tain sides  has  been  established. 

It  cannot  be  supposed  that  our  transcontinental  highway  can  long 
be  placed  at  a  disadvantage  by  impediments  to  its  traffic  such  as  these 
just  mentioned,  especially  if  the  through  trade  to  the  East  ever  reaches 
the  important  proportions  expected  of  it.  In  its  present  condition  the 
line  will  serve  to  develop  the  traffic,  and  when  increased  facilities  are 
needed,  there  is  no  doubt  that  the  resources  of  engineering  skill  will 
be  adequate  to  provide  them.  This  view  of  the  case  seems  to  have 
been  recognized  by  the  Company  when  they  referred  to  a  '^  temporary 
line  "  in  their  location  through  the  Rockies. 

To  civil  engineers  generally,  but  especially  to  the  mechanical  super- 
intendents of  motive  power,  it  will  be  a  matter  of  interest  to  know  what 
classes  of  locomotive  engines  are  doing  the  work  on  the  main  lines  in 
Canada.  As  regards  those  of  the  Canadian  Pacific,  the  principal 
dimensions  of  the  more  powerful  passenger  and  freight  engines  in  use 
in  the  mountain  sections  of  British  Columbia  are  given  in  the  address 
of  the  President  of  the  American  Society  of  Civil  Engineers,  of  the  28th 
June  last,  and  published  in  their  transactions,  and  therefore  need  not  be 
repeated  here.  The  characteristics  of  the  Standard  engines  employed  on 
the  line  east  of  the  Eocky  Mountains  have  been  kindly  furnished  me  by 
Mr.  Brown,  the  Mechanical  Superintendent,  as  follows : 

PRINCIPAL  DIMENSIONS  OP  STANDARD  PA88SNQER  £NQINB. 

Cylinders  and  Motion. 

Cylinders,  type. Half  saddle 

Cylinders,  diameter  by  stroke 19"  x  22" 

"        distance  apart  of  centres 6'     5'' 

Steam  Ports,  length  by  width 18"  x  1|" 

Exhaust"        "  •*    18"  x  3  J* 
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Diam.  of  piston  rod 3^" 

Piston  head,  type Solid  with  0.  I.  rings 

''    rod,  material Mild  steel 

Length  of  connecting  rod 7\S" 

Connecting  rod,  material Mild  steel 

^*        journal,  main  length  and  diam 5"  x  4|." 

Travel  of  valve 6J" 

Throw  of  eccentries 6J" 

Lap  of  valve fj" 

Crosshead  type Open  bars 

''  material  Cast  steel 

Packing  for  piston  rods  and  valve  stems U.  S.  metallic 

Wheels  and  Frames. 

Driving  wheels,  diam 5'.9'' 

"         "       tyres,  width  by  thickness. 5J"x  3" 

''     axle  journals,  diar.  and  length 8"  x9" 

<<       «     material Mild  steel 

Truck      «  "         « 

''  "    journals,  diar.  and  length 5"  x  8" 

"     wheels,  diar  Krupp's  coiled  disc  centre '* 36" 

"        "     tyres,  width  by  thickness ; 5"  x  2J" 

"        "    baae 6'.   3' 

Fixed     "      **  8'.  9" 

Total  wheel  base  of  engine 23'.  6J" 

Thickness  of  frames 3^" 

Width  over        **     4'.  2J" 

'*    between  tyres 4'.  5J" 

Centre  of  cylinder  to  centre  of  driving  axle 11'.  8'' 

Spring  gear Under  hung 

Boiler. 

Type Wagon  top  and  deep  fire  box 

Length  of  barrel 11'.  Of" 

Diam.       *'  outside 4'.  6" 

Thickness  of  plates —in 

"         "  tubeplates J" 

Firebox,  length  inside 6'.3fJ'' 

«'      width      "     bottom  and  top 2'.  11"  and  3'.  9" 

"      length   outeide 7'.  0" 

"      width  outside  bottom 3'.  6i" 
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Fire  Box  depth  inside 6'.  4f " 

Tubes,  No.  and  diam.  outside 204,  2" 

"    length  between  tube  plates 11'.  4f" 

''    heating  surface  m  fire-box 1235.      sq.ft. 

«  "  «'     134.3      " 

Total      "  "      1369.3      « 

Grate  area 18.4      « 

Weight  in  working  order  on  truck 32,500  lbs. 

"  **  "    on  drivers 66,500*' 

''    total 99,000  *' 

"    of  tender  empty 33,000  " 

Capacity  of    ''      coal 10  tons 

"  "      water 2800  gals,  Impl. 

Boiler  pressure 160  lbs. 

P&INOIPAL  DIMENSIONS  OF  STANDARD  MOGUL  FREIGHT  ENGINE. 

Cylinders  and  Motion. 

Cylinders,  type Half  saddle 

"        diam.  and  stroke 18"  x  24" 

"        distance  apart  of  centres 6'.  11' 

Steam  ports,  length  and  width 17"  ><  \\" 

Exhaust  "        '*  "     17"  X  3" 

Diam.  of  piston  rod 3^" 

Piston  head,  type Solid,  withC.  I.  rings 

''     rod  material Mild  steel 

Connecdng  rod,  length T  8" 

«  *'     material Mild  steel 

"  "    journal,  length  and  diam 5"  x  4J" 

Travel  of  valve 5|' 

Throw  of  eccentrics 5^^ 

Lap  of  valve I" 

Cross  head  type « Laird 

"        material • Cast  steel 

Packing  for  piston  rods  and  valve  stems U.  S.  Metallic 
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Wheels  and  Frames. 

Driying  wheels  diam 4'.  9'^ 

'*         ^'      tjrres,  width  ^  thickness main  driving  6«  x  3*  hald 

«        "        «        "  "  L.  and  T SJ"  x  3"  flanged 

"    axle  journals,  diam.  x  length 7*  x  8* 

**      "    material Mild  steel 

Truck      "        " " 

*'  ''    journals,  diam.  x  length 5x     8 

*'    wheels,  diam  ^'0.  I.  Special-Ground  and  balanced." 2'.  6" 

Fixed  wheel  base 14'.  6' 

Total      "        "  of  engine 21'.  llj' 

Thickness  of  frames ^\'' 

Width  over  frames 4'.  2J" 

Type  of  frames Double  bar 

Width  between  tyres 4'.  5J* 

Centre  of  cylinder  to  centre  of  driving  axle IT.  10^'' 

Boiler. 

Type Wagon  top,  shallow  fire  box  over  frame. 

Length  of  barrel 11. 4f 

Diam.      «*        outside 4'.  6' 

Thickness  of  plates , Y 

"  tube  plates  •     \' 

Fire  box,  length  inside 8'.  0^* 

«        width     "    bottom  and  top 3'.  6f /' 

"        length  outside 8'.  9' 

"        width      «        bottom 4-2^" 

<<        depth  inside,  front  and  back 4'  9*  and  3'.  6^' 

Tubes  No.  and  diam.  outside 208,  2"" 

''     length  between  tube  plates 11'  81| 

<^    heuting  surface 1277.3  sq.  ft 

Firebox  **  110.6    " 


Total 1387.9 


Grate  area 28.7    " 

Weight  in  working  order,  on  truck 13,000  lbs. 

"        "  "      on  drivers 86,000  lbs. 

"    totnl 99,000  lbs. 

"    of  tender  empty 33,000  lbs 

Capacity  "        coal 10  tons 
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Capacity  of,  water 2800  gals.  Impl. 

Boiler  pressure 180  lbs. 

THE  OftAND  TRUNK  BAILWAT. 

I  have  always  entertained  a  special  regard  for  the  oldest  of  our  main 
lines  of  railway,  because  in  1852  I  left  the  Groyernment  service  to  take 
part  in  its  coD»truotion  under  Alexander  Mackenzie  Boss  the  chief 
engineer.  It  was  for  the  Government  of  that  day  that  I  made  the  loca- 
tion of  the  present  line  (then  called  the  front  line)  between  Kingston  and 
Montreal,  and  it  was  on  that  location  that  the  Grand  Trunk  Company 
undertook  to  build  it.  I  remained  in  the  service  of  the  company  until  it 
was  completed  and  opened  for  traffic. 

A  very  important  work,  in  which  this  company  is  now  engaged,  is 
the  doubling  of  their  line  of  333  miles  between  Montreal  and  Toronto, 
for  which  provision  was  made  in  the  permanent  abutments  of  the 
larger  bridges  at  the  first  construction  of  the  railway,  more  than  thirty 
years  ago.  At  the  close  of  last  year  about  one  third  of  this  distance 
had  been  doubled,  the  curves  eased,  and  the  heavier  grades  reduced. 
The  portion  which  I  located  for  the  Government  between  Montreal  and 
Kingston  was  designed  for  maximum  gradients  of  1  in  200  going  East, 
in  the  line  of  the  heaviest  traffic,  and  1  in  100  going  West;  but  afterwards, 
the  grades  both  ways  were  made  the  same  1  in  100.  The  company  is 
now  coming  back  to  the  original  design. 

The  doubling  of  the  line  was  not  begun  one  day  too  soon.  Already 
they  find  the  greatest  benefit  from  the  several  sections  now  completed 
in  the  increased  facilities  for  crossmg  trains.  Trains  that  any  hour  in 
the  day  might  be  seen  pocketed  in  the  sidings  all  along  the  line,  awaiting 
orders  to  proceed,  are  now  set  free,  and  the  capacity  of  the  line  for  the 
despatch  of  business  greatly  increased ;  when  the  whole  line  is  doubled, 
the  rolling  stock  can  be  much  more  profitably  employed. 

Another  important  work  is  the  tunnel  under  the  St.  Clair  River  at 
Samia,  to  make  a  more  complete  connection  between  the  Chicago  and 
Grand  Trunk  in  Michigan,  and  the  Great  Western  branch  of  the  Grand 
Trunk  in  Ontario.  It  will  require  three  miles  of  line  to  make  this 
connection,  one  mile  of  which  will  be  a  tunnel,  and  half  of  that  mile 
will  be  under  the  bed  of  the  river.  The  Company  has  already  spent 
about  $100,000  in  driving  an  experimental  heading  to  test  the  material 
through  which  it  has  to  be  made.  To  make  sure  work  of  it,  the  plan 
is  to  use  shields,  one  sunk  to  grade  at  either  portal,  and  both  pushed 
forward  by  hydraulic  presses  until  they  meet  in  the  middle.  The  shields 
to  be  twenty  feet  in  diameter,  each  worked  by  eighteen  hydraulic  presses. 
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The  work  is  condaoted  under  Mr.  Hobson,  M.  Can.  Soo.  C.  E.,  and 
Chief  Engineer  of  the  Great  Western  division.  The  shields  and 
machinery  are  all  prepared,  the  lighting  of  the  works  by  electricity, 
the  ventilation  and  pumping  provided  for,  and  everything  ready  to 
begin  work. 

LOGOMOT[VE  ENGINES. 

By  special  request  I  have  been  kindly  favored  by  Mr.  Herbert 
Wallis,  Mechanioai  Superintendent  of  the  G-rand  Trunk  Ry.,  with  the 
following  particulars,  giving  the  principal  dimensions  of  the  Standard 
Passenger,  Freight  and  Shunting  engines  now  in  use  on  the  line. 

The  Standard  Passenger  engines  have  cylinders  18"  x  24'  and  four 
coupled  driving  wheels,  5'  8"  diameter.  Tractive  force  at  rail  for 
each  lb.  effi^ctive  pressure  114}  lbs.,  weight  in  working  order  (ex-tender) 
97,000,  lbs.  of  which  60,000  lbs.  is  on  the  driving  wheels.  Grate  area  17f 
sq.  feet.  Heating  surface  1304  feet  of  which  120  feet  is  in  fire-box. 
Boiler  is  made  of  }  inch  steel  plates,  butt-jointed  with  strips  both  inside 
and  outside  and  double-riveted,  the  fire-box  being  of  steel.  The  boiler 
carries  150  lbs.  pressure,  and  is  covered  with  silicate  slagwool  woven 
into  a  matting,  so  that  it  can  be  readily  removed.  The  smokebox  is 
extended  forward,  a  high  exhaust  pipe,  with  netting  below  the  orifice, 
is  used,  thus  dispensing  with  the  cone  and  diamond  stack,  regulating 
the  draught,  preventing  the  emission  of  sparks,  and  reducing  the  quan- 
tity of  fuel  consumed  and  the  wear  and  tear  on  the  fire  box  and  tubes. 
Outside  connecting  rods  are  of  I  section,  and  are  made  with  solid  ends 
and  brass  bushes.  Fire-box  crown  sheets  are  stayed  to  the  boiler  by 
<<  through  ''  stays,  screwed  at  both  ends,  and  riveted  over,  but  recent 
experience  tends  towards  the  use  of  several  transverse  crown  bars  on  the 
front  of  the  box,  to  better  provide  for  the  upward  thrust  of  the  fire-box 
without  injury  to  the  shell.  The  main  valves  are  of  cast  iron,  and  are 
balanced  in  such  a  way  as  to  prevent  undue  friction  in  working ;  the 
motion  is  of  the  usual  lifting  link  type. 

The  Standard  Freight  engine  has  six  coupled  wheels  with  a 
single  pair  of  radial  wheels  in  front.  The  cylinders  are  18"  x  26",  and 
the  driving  wheels  5'  2"  diam.,  the  truck  wheels  being  3"  1'  diam.,  press- 
ure of  steam  160  lbs.  Weight  total  99,000  lbs.,  of  which  84,000  lbs.  is  on 
the  driving  wheels.  Tractive  force  at  rail  for  each  lb.  effective  pressure 
136  lbs.  Heating  surface  1232  sq.  feet,  of  which  117  ft.  are  in  fire-box. 
Orate  surface  17.66  sq.  feet.  The  general  remarks  as  for  passenger 
engines  apply,  except  that  the  side  rods  are  of  the  strap  and  brass  type. 
The  passenger  engines  are  equipped  with  Westinghouse  Automatic 
Air  Brakes,  all  classes  having  their  valves  lubricated  with   ^' sight 
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feed  "  lubricators,  and  their  glands  (piston,  spindle,  etc.,)  packed  with 
metallic  packing. 

The  Standard  Shunting  engine  has  cylinders  of  18"  x  22"  with  three 
pairs  of  driving  wheels  coupled,  of  4'  9"  diam.,  and  is  without  truck. 
It  has  a  steam  brake  in  charge  of  the  engineman  ;  water  is  carried  on 
the  foot  plate  in  tanks,  there  being  no  independent  tender,  and 
weighs  1 14,000  lbs.,  including  1860  imp.  gallons  of  water  and  6,000  lbs 
coal.  Tractive  force  as  before  125  lbs.,  boiler  presdure  140  lbs.  Heat- 
ing surface  1002  sq.  feet,  of  which  95ft.  are  in  fire-box.  Grate  area  16^ 
sq.  feet,  outside  rods  pame  type  as  standard  fieight  engine  but  general 
details  otherwise  similar.  Neither  freight  engines  nor  shunters  carry 
Westinghouse  Brakes. 

ELECTRICAL   ENGINEBRINO. 

XLECTRic  TRAM  WATS.  Considerable  progress  has  been  made  in 
America  within  the  last  three  or  four  years,  in  the  application  of  electri- 
city as  a  motive  power  to  street  cars.  The  system  is  yet  in  its 
infancy,  and  there  are  several  different  modes  of  its  application,  but 
many  able  and  practical  minds  are  engaged  in  the  solution  of  the  problem. 
So  far,  however,  there  has  been  a  continual  advance,  although  as  yet 
none  of  the  systems  heretofore  contrived  are  free  from  defects.  In  a 
TuyoTt  on  this  subject,  dated  18th  January,  1888,  prepared  by  Captain 
Eugene  Griffin,  for  the  U.  8.  goveniment  (and  kindly  lent  me  by  Mr, 
E.  A.  Smith,  President  of  the  Electric  Tramway,  St.  Catharines  and 
Tborold),a  detailed  description  of  the  systems  now  in  use  is  given.  They 
are  the  Yan  Depoele  and  the  Daft  systems,  taken  as  examples  of  the  air- 
line methods — the  Ben tley  -Knight  and  the  Short-Nesmith  as  examples 
of  the  conduit  methods,  and  the  storage  battery  or  accumu- 
lator system  in  which  the  motive  force  is  self-contained  and  no 
conducting  wires  are  needed.  A  list  is  given  of  nineteen  tramways, 
overhead  conductors,  now  in  operation,  varying  from  one  atid  a  half 
to  twelve  miles  in  length,  two  of  which  are  in  Canada,  St.  Catha- 
rines and  Thorold,  6  miles,  and  Windsor  and  Walkerville^  one  and  a 
half  miles,  both  on  the  Van  Depoele  system.  These  lines  had  to  over- 
come many  difficulties  and  drawbacks  incidental  ic  the  starting  of  a  new 
syf^m,  and  are  now  in  successftil  operation.  There  is  but  one  line  with 
underground  conductors,  four  miles  in  length,  Bentley-Knight  system, 
at  Denver,  Colorado.  Then  there  are  under  contract  and  in  course  of 
construction  22  lines,  and  of  lines  projected  54  more. 

Captam  Griffin,  having  devoted  much  attention  to  the  subject,  reported 
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that  ^'  electricity  as  a  motive  power,  in  comparison  with  animal  traction, 
offers  many  advantages,  to  wit,  more  rapid  transit  and  better  service, 
cleaner  streets,  smoother  pavements  between  tracks  and  rails,  less  noise, 
less  obstructions  on  crowded  streets,  less  liability  to  accident,  as  the  cars 
can  be  stopped  more  speedily,  and  if  needful,  the  movement  be  reversed, 
fewer  repairs  on  tracks  and  pavements,  the  abolition  of  stables,  and 
diminished  cost  of  maintenance  and  operating  expenses.'* 

It  is  admitted  that  the  first  cost  of  electric  plant  may  be  double  that 
of  the  horse  tramway,  but  itisclaimed  that  the  annual  running  expenses, 
including  interest  on  first  cost,  are  less.  Hu  gives  an  estimate  of  the  cost 
of  construction  and  equipment  for  ten  miles  of  horse,  cable  and  electric 
tramways,  as  follows : 

Electric  tramway $404,000 

Horse  tramway 202,000 

Cable  tramway 566,500 

Annual  running  expenses,  including  6  per  cent,  interest  on  first  cost. 

Electric  tramway $  50,311 

Horsetramway 106,820 

Cable  tramway 85,058 

The  electric  tramways  may  be  well  suited  for  more  southern  and  tem- 
perate cUmate.«,  where  the  track  can  be  easily  kept  free  from  snow  in 
winter,  but  it  cannot  be  expected  that  they  will  be  generally  applicable 
to  the  more  rigorous  climate  of  Canada.  It  must  be  observed  that  the 
two  lines  at  present  in  operation  in  Canada  occupy  the  extreme  south- 
em  portion  of  it  between  the  great  lakes,  about  latitude  42^,  and  it  is 
reported  by  the  President  of  the  St.  Catharines  and  Thorold  line,  that 
the  only  difficulty  they  experience  is  when  a  storm  of  sleet  coats  the 
conducting  wires  with  ice,  and  renders  the  insulation  inoperative  until 
it  is  removed. 

It  is  to  be  observed  that  all  the  lines  in  use  are  short  suburban  lines, 
averaging  about  five  miles  in  length,  the  longest  as  before  stated  twelve 
miles.  This  system  now  in  process  of  development  may,  in  a  few  years 
hence,  be  very  much  improved  and  more  widely  extended.  In  some 
parts  of  our  Northwest,  where  there  is  but  a  light  fall  of  snow,  and 
where  cattle  remain  out  all  winter,  the  towns  expecting  to  become  cities 
may  yet  find  the  electric  tramway  the  best  suited  for  their  wants. 

Atlantic  and  Paoifio  Cables.  Submarine  electric  telegraphy, 
lighting  and  motive  power  are  all  so  closely  associated  with  Civil 
Engineering,  that  Electrical  Engineering  is  now  one  of  the  most  impor- 
tant and  progressive  branches  of  our  profession. 

In  connection  therewith,  it  is  of  interest  to  note  that  the  Imperial 
and  Colonial  Gbvernments  are  taking  active  measures  for  the  establish 
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ment  of  direct  te]^aphic  connection  between  Great  Britain  and  her 
Australian  Possessions,  via  Canada. 

Alflo  that  the  Canadian  Government  purpose  completing  their  admir- 
able Gulf  of  St.  Lawrence  Service,  by  connecting  their  North  shore 
land  line  and  their  Anticosti  Cable  and  land  line  systems  by  cables  to 
Greenly  Island,  Straits  of  £el1e  Isle. 

In  connection  with  the  latter  auxiliary  assistance,  private  capitalists 
have  deteimined  that  Canada  shall  have  a  cable  from  Greenly  Island 
to  the  West  Coast  of  Ireland  or  Scotland,  and  thus  complete  trans- 
atlantic communication  under  the  direct  control  of  the  people  and 
goyemment  of  Great  Britain  and  her  Colonies. 

SANITARY   ENGINBERINQ. 

The  protection  of  the  public  health  in  our  cities  and  towns  is  usually 
committed  to  the  Board  of  Health  and  to  the  City  Engineer  as  the 
executive  officer.  Sanitary  reforms  have  occupied  the  attention  of 
leading  medical  and  engineering  authorities  in  Europe  for  many  years, 
especially  in  England  where  the  density  of  the  population  renders  them 
more  necessary.  Science  has  done  much  of  late  years  for  the  health 
and  well  being  of  the  dwellers  in  cities  and  towns — saving  annually 
many  thousands  of  lives,  wherever  its  teaching  lias  been  intelligently 
r^arded;  and  much  more  might  still  be  accomplished  in  the  same 
direction  if  the  people  generally  were  more  alive  to  the  great  importance 
of  the  subject. 

It  has  now  come  to  be  pretty  well  understood  as  an  established  fact 
in  sanitary  science,  that  imperfect  drainage  of  houses,  badly  constructed 
sewers,  polluted  drinking  water,  and  filthy  streets,  are  direct  causes  of 
disease  and  death,  as  to  the  same  causes,  scarlet  fever,  measles, 
diphtheria,  typhus  and  typhoid  fevers  may  be  referred. 

In  the  city  of  London,  two  centuries  ago,  the  mortality  was  80  per 
1000,  and  it  was  not  until  the  beginning  of  the  present  century  that 
the  birth  rate  exceeded  the  death  rate.  According  to  the  <^  Bills  of 
Mortality  "  there  has  been  a  steady  decline  in  the  death  rate  ever  since, 
until  now  by  a  more  strict  attention  to  sanitation,  London  has  become 
one  of  the  healthiest  cities  in  the  world. 

Mr.  Edwin  Ghadwick,  a  leader  of  sanitary  reforms  in  England,  has 
lately  stated  in  Brighton,  that  it  is  not  long  since  the  death  rate  of 
Ixmdonwas  24  per  1000,  and  now  it  is  but  14  or  15  per  1000; 
and  he  maintained  that  had  the  sanitary  reforms  been  carried  out 
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aocordiDg  to  the  plans  prepared,  it  might  have  been  reduced  to  12  per 
1000.  Eeferring  to  special  clasHes  be  said  the  death  rate  in  the  Guards, 
a  quarter  of  a  century  ago,  was  20  in  1000 ;  it  is  now  6^  in  1000.  In 
Germany  the  results  are  even  better,  the  army  death  rate  being  from 
5  to  6  per  1000.  He  states  that  in  the  large  school  districts  of  the 
Poor  Law  Unions,  the  chief  diseases  of  children — measles,  whooping- 
cough,  typhus,  scarlatina,  and  diphtheria — are  *^  practically  abolished." 

It  is  to  be  deplored  thut  we  bave  no  such  progress,  no  corresponding 
results,  to  point  to  in  Canada. 

About  a  year  ago  there' was  published  in  the  Montreal  Star  (1 4  Jan., 
1888)  a  list  of  twenty  towns  and  cities  in  Canada,  shewing  the  popula- 
tions and  deaths,  and  the  death  rate  per  1 000.  These  twenty  towns 
and  cities  had  then  an  aggregate  population  of  653,047 — the  deaths 
16,586,  and  the  average  death  rate  25*40  per  1000. 

As  we  have  no  ^*  Bills  of  Mortality,"  nor  any  vital  statistics  with 
which  to  compare  these  figures,  it  will  be  sufficient  for  my  present  pur- 
pose to  assume  them  as  approximately  correct  at  the  time  they  were 
made. 

Then  comparing  the  twenty  modern  towns  and  cities  enumerated, 
with  the  ancient  historical  and  densely  populated  city  of  London,  in 
which  there  are  as  many  people  now  living  as  there  are  in  all  Canada, 
it  might  reasonably  be  expected  that  the  mortality  in  these  Canadian 
localities  could,  by  strict  sanitation,  be  reduced  to  a  par  with  that  of 
London,  in  which  case  fully  six  thousand  lives  might  annually  be  saved 
to  the  country  in  these  places  alone.  But  when  we  take  these  several 
places  in  detail  we  find  some  startling  revelations.  The  lowest  rate  of 
mortality  is  found  in  tbe  inland  towns  and  cities  of  Ontario.  These 
towns  are  Belleville,  Guelph,  Chatham,  Gait,  Peterborough,  ranging 
from  16-50  to  19.75  per  1000.  Tbe  cities  are  London,  Kingston, 
Hamilton,  Toronto,  ranging  from  18*3 1  to  21*50  per  1000.  Halifax 
shews  20*52,  Ottawa  28*70,  Montreal  27*99,  Quebec  33.57,  Three 
Rivers  32*10,  Sherbrooke  27*37,  St.  Hyacinthe  41*83,  and,  saddest 
of  all,  Sorel  44*88  per  1000 1 

There  is  cause  for  serious  reflection  in  these  figures,  shewing  what  a 
beavy  responsibility  rests  with  tbe  Boards  of  Health  in  all  larger  cities 
and  towns.  I  have  gone  into  these  details  in  order  to  prove  to  the 
Sanitary  Engineer  that  there  is  in  Canada  plenty  of  important  work 
for  him  to  do. 

There  is  no  brancb  of  the  engineering  profession  in  wbich  a  man  can 
do  more  good  to  his  fellow  man  than  in  protecting  and  promoting  tbe 
beulth  and  comfort  of  those  who  bave  their  homes  in  towns  and  cities 
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where  be  can  apply  his  beneficent  art  to  save  life,  and  preserve  the 
health  of  the  living.  It  will  be  his  {^easing  duty  to  provide  pure 
water,  pure  air,  clean  streets,  and  a  perfect  system  of  drainage,  that 
shall  carry  off  all  surface  water  before  it  has  time  to  become  stagnaot, 
and  ail  waste  from  houses  and  yards  before  noxious  gases  are  allowed 
to  generate,  and  to  convey  the  same  with  all  possible  dispatch  to  the 
proper  outfall,  there  to  be  disposed  of  as  circumstances  shall  dictate. 

FAILURE   OF   THE  SUSPENSION   BRIDGE  AT  NIAGARA   FALLS. 

The  members  of  this  Society  will  be  glad  I  am  sure  to  be  informed 
of  the  eircumstunces  connected  with  the  recent  failure  of  the  Suspension 
Bridge  at  Niagara  Falls,  which  I  constructed  for  the  Bridge  Companies, 
and  which  was  opened  for  traffic  on  the  4th  January,  1869,  just  twenty 
years  ago.  All  the  particulars  relative  to  the  first  construction  of  this 
bridge  were  published  in  a  report  made  by  me  to  the  Directors,  dated 
Ist  March,  1S69,  and  this  report  with  illustrations  was  the  same  year 
given  in  ''  Bngineering,"  in  England. 

The  span  of  this  bridge  is  1268  feet  between  the  points  of  suspension 
at  the  towers.  The  roadway  was  10  feet  wide,  providing  a  single  track 
for  carriages,  and  a  path  for  foot  passengers.  The  roadway  was  sup- 
ported by  two  cables,  each  cable  composed  of  seven  wire  ropes,  each 
rope  of  seven  strands,  each  strand  of  nineteen  wires  0*155  inch  in 
diameter,  No.  9,  B.W.  Gr.  Each  rope  had  a  guaranteed  tensile  strength 
of  100  gross  tons=112  tons  net.  They  bore  the  test  of  108  tons  net 
without  rupture  of  the  rope,  when  the  fastenings  gave  way. 

The  single  track  bridge  was  designed  to  carry  with  perfect  safety  a  load 
of  100  tons  without  producing  a  strain  of  more  than  twenty -five  per 
cent,  of  the  ultimate  strength.  Besides  the  cables  there  are  over-floor 
stays  which  are  a  real  support  to  the  roadway ;  and  in  order  to  keep  the 
roadway  from  swaying  about  in  the  wind,  there  were  54  guys,  28  of 
which  were  on  the  up  stream,  and  26  on  the  down  stream  side.  Some 
months  after  the  bridge  was  opened  there  was  added  both  on  the  up 
stream  and  down  stream  side  a  horizontal  arched  cable,  with  horizontal 
stays  between  them  and  the  roadway,  which  had  a  good  efifect  in  steady- 
ing the  bridge. 

The  original  bridge  rested  on  wooden  towers,  but  for  fear  of  acci- 
dents by  fire  the  Directors  substituted  steel  towers  for  wood. 

About  two  years  ago  the  Directors  decided  to  make  the  bridge  a  double 
track  bridge  without  consulting  me  in  the  matter.  They  proceeded  to 
take  down  my  single  track  roadway,  and  to  substitute  a  double  track. 
This  enlargement  was  completed  in  September  last.  1  have  not  seen  any 
of  their  work,  and  from  lack  of  information  I  am  unable  to  state  what 


52  Preaidenfs  Address. 

means  were  adopted  by  them  to  secure  the  double  track  against  the  addi- 
tional strains  that  most  come  apon  it — the  additional  strain  on  the  cables 
and  8taj8,  and  the  additional  surface  offered  to  the  force  of  the  wind,  for 
which  more  guys  would  have  to  be  provided. 

My  bridge,  before  it  was  opened  to  the  public,  was  officially  inspected 
by  officers  of  the  Dominion,  and  of  the  State  of  New  York ;  the  Direc- 
tors also  employed  the  Hon.  W.  I.  McAlpine,  their  consulting  engineer^ 
to  report  more  fully  in  regard  to  its  sufficiency. 

My  bridge  weathered  the  storms  for  twenty  years.  My  cables  and 
anchorages  are  still  in  place,  and,  I  understand,  are  to  be  used  in  the 
reconstruction  of  the  bridge.  My  roadway  was  not  blown  from  tl)e 
cables,  it  was  taken  down  by  the  Bridgo  Company.  It  was  the  double 
track  roadway  substituted  for  the  single  track  that  was  blown  away 
only  three  months  after  it  was  put  up;  and  I  am  not  aware  that  there 
was  any  Government  inspection  of  it 

It  is  a  fortunate  circumstnnce  that  no  lives  wore  lost  in  this  accident. 
From  all  accounts  it  was  a  terrible  storm.  The  anemometer  at  Buffalo 
registered  the  velocity  of  the  wind  88  miles  an  hour. 

The  great  problem  to  be  solved  in  the  construction  of  a  bridge  over 
this  chasm  is  to  keep  it  from  being  injuriously  affected  by  wind  storms 
which  not  only  cause  vibrations  like  that  of  a  pendulum,  but  wavelike 
undulations  throughout  the  length  of  the  roadway  and  the  suspended 
portion  of  the  cables.  To  guard  against  these  a  cradle  form  is  given  to 
the  cable,  and  the  over-floor  stays  from  the  towers  to  the  roadway,  as  well 
as  the  cradle  stays  from  the  cables  to  the  base  of  the  towers,  serve  to 
check  these  undulations,  while  the  under-floor  guys  reaching  down  at 
various  angles  from  the  roadway  to  the  rocks  along  the  river  bank,  meet 
and  check  the  lateral  force  of  the  wind  upon  the  whole  suspended 
system. 

To  balance  these  forces  one  against  the  other,  and  leave  a  fair  margin 
for  safety,  will  tax  the  best  skill  of  the  engineer,  because  the  storms 
through  this  gorge  seem  to  drive  with  greater  fury  in  consequence  of 
its  funnel  shape. 

An  opinion  was  expressed  by  the  late  J.  A.  Eoebling,  who  built  the 
Bailway  suspension  below  this,  that  no  bridge  could  be  made  to  stand 
here  at  the  falls ;  not  on  account  of  the  storms,  but  from  the  spray 
coming  from  the  American  Fall,  which  would  cover  the  bridge  with  ice 
and  break  it  down.  But  the  experience  of  twenty  years  has  proved 
there  is  no  danger  to  be  apprehended  from  this  cause.  In  deference 
however  to  his  opinion,  the  bridge  was  made  a  tentative  structure,  so 
that,  if  successful,  it  might  afterwards  be  enlarged  and  made  a 
permanent  structure. 


President  B  Address.  53 

CIVIL  ENOINEEBS    OF   CANADA. 

The  time  has  come  whea  the  younger  engineers  of  this  Society  would 
like  to  know  who  were  the  engineers  that  projected  and  carried  on  the 
public  works  of  Canada,  from  the  earliest  times  down  to  the  incorporation 
of  the  Society,  and  upon  what  works  they  were  employed.  Their  names 
should  not  be  lost  to  history. 

As  all,  or  nearly  all,  of  these  engineers  have,  at  one  time  or  another 
been  employed  in  the  servioe  of  the  Government,  it  was  necessary  to 
refer  to  the  public  departments  for  the  information  required — the  De- 
partment of  Public  Works  and  the  Department  of  Railways  and  Canals. 
In  my  efforts  in  this  direction,  I  was  so  fortunate  as  to  find  a  member 
of  this  Society,  Mr.  G.  F.  Baillairg^,  the  Deputy  Minister  of  Public 
Works,  quite  willing,  not  only  to  meet  my  wishes,  but  ready  to  under- 
take, on  his  own  account  for  his  Department,  the  preparation  of  the  roll 
of  engineers  employed  on  the  public  works  of  Canada  from  1815  to  1889, 
which  will  be  published  as  an  appendix  to  the  annual  report  of  his  De- 
partment. From  his  length  of  service  in  the  Department  and  his  intim- 
ate knowledge  of  every  detail  connected  with  it,  there  is  no  one  better 
fitted  to  supply  the  information  than  Mr.  Bailiairg^.  He  has  already 
completed  the  list,  and  furnished  me  with  a  few  advance  copies,  one  of 
which  is  now  presented.  The  official  information  thus  supplied  is 
a  valuable  contribution  to  Canadian  history,  and  should  satisfy  all  the 
parties  concerned.  Errors  and  omissions,  if  any,  can  be  corrected  in 
the  next  edition,  if  sent  in  proper  time  to  the  Department. 

I  had  hoped  to  receive  similar  information  from  the  co-ordinate  depart- 
ment of  Railways  and  Canals,  but  as  yet  it  has  not  been  supplied. 

In  conclusion,  I  cannot  but  refer  with  much  pleasure  and  satisfac- 
tion to  the  opening  of  the  List  of  Bonorary  Members. 

The  election  of  His  Excellency,  the  Bight  Honorable  Lord  Stnnley 
of  Preston,  Governor  General  of  Canada,  who,  amidst  the  distractions 
incident  to  an  active  political  life,  has  found  time  to  take  an  interest 
in  the  profession  of  the  engineer,  and  of  Sir  William  Dawson,  F.  R.  S., 
whose  scientific  attainments  are  too  well  known  to  need  any  comment 
from  me^  must  add  lustre  to  ''  our  young  but  vigorous  Society." 


Thursday,  Slat  Jannarj. 
P.  A.  PETERSON,  Vice-President,  in  the  Chair. 
Taper,  Ko.  27. 

CANTILEVER  BRIDGES. 


By  C.  F.  Findlay,  M.A.,  A.M.  Inst.  C.E. 

A  structure  which  is  sapported  at  one  end  of  its  length  only,  so  that 
it  requires  for  equilibrium  the  application  of  other  forces  than  those 
applied  at  the  support,  is  commonly  called  a  cantilever.  If  such  a 
structure  forms  part  of  a  bridge  the  bridge  may  be  called  a  cantilever 
bridge.  This  description  agi-ees  sufficiently  well  with  the  ordinary  usage 
of  these  terms,  and  any  attempt  at  rigid  definition  would  serre  no  good 
purpose. 

It  L)  sometimes  maintained  that  a  cantileyer  bridge  should  be  r^ard- 
ed  and  treated  simply  as  a  continuous-girder  bridge,  in  which  the  points 
of  contrary  flexure  are  arbitrarily  and  permanently  fixed  by  cutting  the 
booms;  but  this  point  of  view  would  exclude  all  cantilever  bridges  which 
are  anchored  at  the  abutments  instead  of  being  continuous  with  a  neigh- 
boring span,  and  also  it  is  both  illogical  and  misleading  to  classify  as  a 
variety  of  continuous  girders  those  in  which  the  most  prominent  fea- 
ture is  the  breach  of  continuity  at  certain  points. 

The  cantilever  is  in  regard  to  the  distribution  of  stress  in  it  one  of 
the  simplest  of  framed  structures,  and  no  one  who  is  familiar  with  the 
analysis  of  stresses  in  ordinary  bridge  and  roof  trusses,  will  find  any 
difficulty  in  calculating  the  stresses  in  a  cantilever  bridge  from  given 
drawings  and  loads,  difficulty,  that  is  to  say,  inherent  in  the  cantilever 
system. 

There  are,  however,  several  features  peculiar  to  the  cantilever  which 
deserve  attention  in  regard  to  design,  and  to  these  we  shall  confine  our 
attention,  taking  it  for  granted  that  those  points  which  the  cantilever 
has  in  common  with  other  bridges  are  familiar  to  our  readers. 

The  manner  in  which  the  cantilever  is  employed  to  form  part  of  a 
bridge  varies  very  much  from  one  bridge  to  another.  In  some  oases 
two  similar  cantilevers  spring  from  neighbouring  abutments  in 
opposite  directions,  so  that  one  forms  a  counterbalance  to  the  other 
except  as  regards  moving  loads.  In  other  cases,  a  cantilever  stands 
alone  and  is  kept  in  equilibrium  by  guys  or  backstays  ccmnected  to  an 
anchorage.  Sometimes  an  opening  is  spanned  by  two  cantilevers  with  a 
central  span  resting  on  their  ends,  and  sometimes  by  one  cantilever  with 
an  independent  span  from  its  end  to  the  other  abutment. 
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Examples  of  these  various  types  of  cantilcyers  are  shewn  in  the  accom- 
panyiDg  diagrams,  Plate  III  of  which  Fig.  1  represents  the  bridge  now 
in  coarse  of  construction  over  the  Forth  near  Edinburgh  in  Scotland; 
Fig.  2  represents  a  bridge  being  built  over  the  Indus  river  in  India ; 
Fig.  3  represents  the  Jubilee  bridge  crossing  the  Hooghlj  river  near  Cal- 
cutta in  India ;  Fig.  4  represents  the  bridge  over  the  St.  Lawrence  below 
the  Falls  of  Niagara.  The  great  difference  between  the  parts  played 
by  the  cantilever  in  these  different  designs,  is  mainly  accounted  for  by 
the  character  of  the  sites  of  the  bridges. 

The  reasons  that  may  lead  to  the  adoption  of  the  cantilever-bridge 
in  preference  to  any  other  type  for  certain  situations  are  two : — 

First,  where  the  span  is  very  great,  the  cantilever  bridge  generally 
requires  less  material  than  any  other  rigid  structure  of  equal  strength, 
even  though  anchorage  may  have  to  be  provided.  Where  two  large 
spans  have  to  be  built,  a  double  cantilever  requiring  no  anchorage,  may 
effect  a  very  considerable  saving  in  material,  though  it  must  not  be 
forgotten  that  in  this  case,  a  double  pier  of  sufficient  width  for  stability 
under  all  conditions  of  loading  is  necessary. 

Secondly,  where  false  works  would  be  impossible  or  costly,  the  valu- 
able property  of  the  cantilever,  that  it  can  be  made  to  suppport  itself 
during  erection,  gives  it  an  immense  advantage.  If  the  design  of  the 
cantilever  be  such  that  it  can  be  built  out  rapidly  and  cheaply,  it  will 
often  be  the  most  economical  form  in  the  end,  even  where  its  total  quan- 
tity of  material  is  not  so  small  as  that  required  by  some  other  type  of 
bridge.  In  all  eu^neering  work  quantity  of  material  is  only  one  of  the 
elements  of  cost,  and  it  is  of  the  greatest  importance  to  bear  this  in  mind 
in  designing  a  cantilever  bridge,  because  a  want  of  r^ard  to  the  method 
of  erection,  may  easily  add  to  its  cost  an  amount  much  greater  than  can 
be  saved  by  economising  material. 

The  principal  points  which  arise  for  consideration  at  the  outset,  in 
commencing  to  design  a  cantilever  bridge  are  these  : 

(1)  The  depth  to  be  given  to  the  cantilever  at  the  abutment; 

(2)  The  outlbe  the  structure  is  to  have  in  elevation,  or,  in  other  words, 
the  rate  at  which  the  depth  is  to  vary  in  passing  from  the  abutment  to 
the  outer  end  of  the  cantilever ; 

(3)  The  length  of  the  panels  into  which  the  cantilever  is  to  be  divided 
by  the  bracing,  and  whether  this  length  is  to  be  uniform  or  not ; 

(4)  The  length  of  the  cantilever  in  relation  to  the  entire  span. 
The  first  three  of  these  points  are  intimately  connected  with  one 

another,  and  none  of  them  can  be  settled  by  a  mathematical  investigation 
applicable  to  all  circumstances. 
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The  theoretical  inyeBtigations  which  have  been  made  on  queetions  of 
this  character  are  all  vitiated  (as  regards  their  application  to  cantilevers) 
by  the  assumption  that  the  load  on  the  bridge  is  uniform  throughout 
its  length.  This  assumption  is  nearly  enough  correct  for  ordinary  truss 
bridges,  because  the  web  is  heavier  where  the  booms  are  lighter,  and  so 
the  weight  of  the  truss  is  distributed  along  its  length  with  an  approach 
to  uniformily,  and  also  because  for  all  ordinary  spans  the  weight  of  the 
girders  is  considerably  less  than  that  of  the  floor  and  the  moving  load 
together,  so  that  a  small  variation  in  the  load  per  foot  due  to  the  main 
girders  is  of  less  importance.  With  a  cantilever,  however,  especially 
when  used  (as  it  generally  is)  for  large  spans,  the  case  is  entirely  dififer- 
ent.  The  web  and  booms  are  both  heaviest  at  the  abutment  and  dim- 
inished simultaneously  on  travelling  away  from  the  abutment.  Also 
the  weight  per  foot  of  the  main  framework  of  the  cantilever,  where 
greatest,  will  in  a  large  span  be  generally  much  greater  than  that 
from  all  other  causes.  When  it  is  also  considered  that  the  cantilever 
as  a  rule,  has  to  carry  a  heavy  concentrated  load  on  its  end,  it  is  obvious 
that  all  general  conclusions  founded  on  an  assumption  of  unifoim  weight 
must  be  fallacious. 

As  an  illustration,  it  may  be  mentioned  that  the  cantilevers  of  the 
Indus  Bridge  (Fig.  2)  weigh  about  1  ton  per  foot  at  their  outer  ends, 
and  about  6^  tons  per  foot  at  the  abutments  (apart  from  the  uniform 
load  of  the  floor  which  is  about  ^  ton  per  foot),  and  they  are  designed  to 
carry  a  concentrated  load  of  300  tons  at  the  end. 

In  observing  the  important  effect  of  this  concentrated  load  on  the 
cantilever  we  see  how  misleading  it  might  be  to  r^ard  the  entire  spao 
as  one  continuous  girder  bridge  with  fixed  points  of  contrary  flexure, 
because  that  point  of  view  masks  the  fact  that  when  the  continuity  is 
destroyed  the  central  part  is  just  as  much  an  independent  span  as  if  it 
rested  on  stone  piers.  Whatever  proportions  would  lead  to  the  greatest 
economy  in  an  independent  span  of  the  same  length  should  a  fortiori 
be  adopted  for  the  central  span  of  a  cantilever  bridge,  because  any 
extravagance  in  the  central  span  has  to  be  paid  for  over  again  in  extra 
weight  in  the  cantilevers.  Half  the  benefit  of  destroying  the  continuity 
is  lost^  if  we  do  not  take  advantage  of  it  to  design  each  part  of  the  bridge 
in  the  way  most  suitable  for  that  part.  In  a  comparison  of  the  weights 
of  girder  bridges  with  those  of  cantilever  bridges,  the  concentration 
of  weight  near  the  abutmento  in  the  hitter  it  an  immense  advantage  on 
their  side. 

The  marked  effect  of  taking  into  account  the  varying  weight  of  the 
cantilever  is  veiy  well  seen^  if  the  theoretioai  ease  be  considered  in  which 
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the  web  members  consist  only  of  vertical  posts  or  suspenders.  For  a  load 
nDiformlj  distributed  horixontallj,  we  know  that  the  curre  of  a  sus- 
pension cable,  of  an  arched  rib  or  of  the  boom  of  a  bow  string  girder, 
mnstbe  a  parabola  that  no  diagonal  bracing  may  be  necessary.  These 
constructions  are,  each  of  them,  as  far  as  the  stresses  go,  analogous  to  the 
cantilever  without  diagonal  bracing,  and  we  shall  see  that  if  the  varying 
distribution  of  the  load,  owing  to  the  varying  depth  of  the  structure,  be 
taken  into  account,  the  parabola  becomes  approximately  an  ellipse.  So 
long  as  the  span  is  short,  the  ellipse  and  parabola  would  nearly  coincide, 
but  for  a  large  span  the  difference  would  be  considerable. 
In  Figs.  5  and  6,  let  A  be  the  abutment ; 

"  L  a  be  the  length  of  a  cantilever  in  feet ; 
**  L  tons  be  the  load  at  the  end  from  an  iodepen- 
dent  span  resting  on  it. 

Let  0  be  the  origin  of  coordinates,  and  one  boom  OX 
being  horizontal,  let  x,  y  be  the  coordinates  of  any  point  P  in  the  other 
boom. 

Fig.  5.  Fig.  e. 


Let  S  be  shearing  force  at  P  in  tons. 
''     M  be  bending  moment  at  P  in  foot-tons. 
*'    w  be  total  weight  per  it.  in  tons  carried  by  the  cantilever,  at  P 

(w  varying  with  x) 
''  K  be  such  a  factor,  that  if  T  tons  be  the  stress  on  any  member 
of  the  cantilever  and  1  ft.  its  length,  its  weight  is  KTl  tons,  and  assume 
K  to  be  constant.  (For  steel  with  the  stress  usually  aUowed,  and 
allowing  for  loss  of  section  or  increase  of  weight  at  connections  K  is 
about  -0003.) 

.-.    dM  =  Sdx 
and  d  S  =  wdx 

,  d>M       d  S 

whence =    ,       «w 

dx*         dx 

As  it  is  assumed  that  there  are  no  diagonal  stresses,  the  stress  in  the 

homontal  boom  is  constant  and  =  (say)  H. 

.-.    M  =  yH 

m  Hence  H4Ly=w. 

dx* 
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Now  w  consists  of  two  parts : — ^the  uniform  load  per  foot  carried  by  the 
oantileyer  (including  all  parts  of  the  bridge,  such  as  flooring,  etc.,  which 
are  approximately  uniform),  and  the  variable  weight  of  the  web  mem- 
bers and  booms. 

Let  the  constant  part  of  w  =  m. 
The  weight  of  horizontal  boom  for  horizontal  distance  dz  =  KH  dz 

of  curved        "  "  "    dx=KH(^)'dx 

**        of  vertical  suspenders  or  posts  =Kwy  dz 

[The  last  ezpresaion  is  not  strictly  correct,  as  the  weight  of  the  curved 
boom  is  not  transmitted  through  the  verticals,  which  do  not  therefore 
carry  the  whole  of  w.  The  error  here  made  would,  however,  in  prac- 
tice, tend  to  counterbalance  other  incorrect  assumptions,  for  it  becomt^s 
more  serious  as  the  abutment  is  approached,  »nd  at  the  same  time  the 
secondary  bracing  and  wind  bracing,  which  have  been  supposed  uni- 
formly distributed,  must  in  practice  become  heavier.] 

Wohave  then  w  =  m  +  K|H  +  H(^j-)    +wyf 
whence  by  (1). 

Integrating  twice : 

Hy  =  (m  +  2KH)  -^' +KH  p  + Cz +D, 

where  C  and  D  are  arbitrary  constants  to  be  determined  by  the  known 
conditions  of  the  case. 

Since  z  =  o  when  y  »  o,  we  have  D  =  o, 

and  since  shearing  force  at  end  of  cantilever  =  L,  we  have  H  ^^^  =  L 

when  z  =  0,  and  y  =  o,  or  C  =  L,  so  that  the  equation  becomes, 

Hy  =  (m  +  2KH)    j     ^    KH     ^1    +Lz 

orz«  (m  +  2KH)+y«  KH  +  2LZ  — 2Hy=0 

This  is  an  equation  to  an  ellipse,  whose  major  azis  is  vertical,  the 

ratio  of  the  squares  of  the  azes  being  2  +    ^.    The  vertical  tangent 

to  the  ellipse  at  the  end  of  its  minor  azis  touches  the  curve  at  the  point 
where  y  =  ^,  so  that  the  depth  of  the  longest  cantilever  that  can  be 
built  with  these  loads,  is  ^  at  the  abutment,  and  is  independent  of  m, 
H  and  L. 


Cantilever  Bridgee.  69 

It  will  be  noticed  that  the  form  of  the  carve  is  independent  of  a,  the 
length  of  the  cantilever,  when  H  has  been  chosen. 

It  is  possible  to  determine  the  value  of  H,  which  for  any  given  length 
of  cantilever  of  this  elliptic  form,  will  make  the  total  weight  a  minimum, 
and  this  would  be  a  method  of  determining  the  depth  at  the  abutment, 
but  such  an  investigation  would  be  merely  a  mathematical  exercise, 
under  hypotheses  so  remote  from  the  facts  as  we  have  hitherto  assumed, 
and  results  in  a  depth  which  is  obviously  too  ii^reat  for  practical  econo- 
my. In  the  first  place  diagonal  bracing  must  be  supplied  to  meet  the 
case  of  moving  loads,  and  as  the  depth  is  increased,  tliis  bracinu;  becomes 
heavier.  Secondly,  all  secondary  bracing  becomes  heavier  as  the  depth 
increases.  Thirdly,  all  compression  members  in  the  web  will  have  a 
smaller  allowable  stress  per  square  inch  as  the  depth  increases,  owing  to 
their  greater  length,  and  so  their  weight  is  increased.  Fourthly,  tho 
cost  of  erection  will  in  general  be  increased  by  employing  an  excessive 
depth.  Fifthly,  a  greater  depth  would  properly  be  chosen  for  a  canti- 
lever where  anchorage  had  to  be  provided,  than  where  two  adjacent  can- 
tilevers counterbalanced  each  other,  owing  to  the  greater  depth  reducing 
the  material  required  for  guys  and  anchors.  For  all  these  reasons,  it 
will  be  seen  that  it  is  useless  to  attempt  to  calculate  the  proper  depth 
for  a  cantilever  without  a  very  extended  investigation,  for  which  the 
data  are  not  at  present  available,  but  both  theory  and  experience  point 
to  the  advantage  of  choosing  a  greater  depth  than  would  be  chosen  for 
a  girder  bridge.  An  ordinary  proportion  for  a  lai^  girder  bridge 
would  be  f  th  to  |th  of  the  span,  and  if  for  the  girder  were  substituted 
two  cantilevers  meeting  in  the  middle  of  the  span,  the  depth  might  with 
advantage  be  considerably  increased  beyond  this  proportion  at  the 
abutment^  if  it  be  reduced  to  nothing  where  the  cantilevers  meet.  When 
a  central  span  is  also  introduced,  resting  on  the  ends  of  the  two  canti- 
levers, the  concentrated  load  on  the  end,  gives  a  reason  for  still  further 
increasing  the  depth  at  the  nhutmeut  proportional^  to  the  length  of  the 
cantilever.  Probably,  the  greatest  depth  that  could  economically  be 
used  is  nearly  reached  in  the  Indus  Bridge  (Fig.  2),  where  the  depth 
at  the  abutment  is  '54  of  the  length  of  the  cantilever.  In  this  case, 
backstays  over  300  feet  in  length  had  to  be  provided  with  an  aggregate 
estimated  stress  of  2,400  tons  on  them  at  each  abutment  and  anchorage 
to  hold  the  backstays,  so  that  a  very  great  depth  was  justifiable.  Except 
where  the  anchorage  causes  a  considerable  proportion  of  the  tqtal  weight, 
a  proportion  of  ^  of  the  length  of  the  cantilever  would  probably  be  ample 
but  each  case  must  be  considered  on  its  own  merits.  It  should  always 
be  borne  in  mind  in  considering  such  problems  as  this,  that  it  is  of  the 
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natare  of  a  continaously  varying  qaantity,  that  its  valae  varies  very 
slightly  for  moderate  variations  from  the  conditions  which  make  it  an 
absolute  minim  am.  Thus,  if  a  depth  be  chosen  for  a  cantilever  which 
is  not  widely  different  from  that  which  makes  the  quantity  of  material 
a  minimum,  the  weight  will  be  only  slightly  increased,  while  it  is  pos- 
sible that  great  structural  advantages  in  other  directions  may  be  gained. 
In  recommending  a  great  depth  for  a  cantilever  at  its  abutment,  it  is 
assumed  that  the  depth  will  be  continuously  reduced  from  the  abutment 
outwards.  If  the  load  were  uniformly  distributed,  it  is  by  no  means 
certain  that  a  cantilever  of  uniform  depth  would  require  more  material 
than  one  of  varying  depth,  but  we  have  already  pointed  out  the  great 
extent  to  which  the  weight  of  the  structure  itself  necessarily  varies,  and 
if  the  concentrated  load  at  the  end  were  separately  considered,  the  eco- 
nomical truss  for  it  is  a  simple  triangular  frame  of  very  great  depth. 
Prom  the  point  of  view  of  economy,  it  would  be  well  to  reduce  the  depth 
of  the  cantilever  to  nothing  or  to  a  very  small  amount  at  the  outer  end, 
but  in  many  cases,  it  is  thought  well  to  maintain  a  depth  at  the  end  of 
the  cantilever,  equal  to  that  of  the  central  span  at  its  end,  in  order  that 
the  latter  may  be  built  out  without  false  works,  under  the  same  system 
of  erection  as  is  pursued  with  the  cantilever.  In  the  case  of  the  Indus 
Bridge  (Fig.  2),  the  plan  to  be  pursued  is  to  throw  a  suspension  stag- 
ing over  the  260  feet  interval  between  the  ends  of  the  cantilevers,  on 
which  to  build  the  central  span.  With  the  Hooghly  Bridge,  the  420 
feet  side  spans  were  built  on  shore  complete  with  cross  girders,  etc. 
One  end  of  a  span  was  built  overhanging  the  abutment,  so  that  a  pon- 
toon could  be  brought  under  it,  and  it  was  then  towed  out  to  the  canti- 
lever, the  other  end  running  on  rails  on  shore.* 

A  most  important  point  to  consider  in  choosing  the  depth  and  form  of  a 
cantilever,  is  the  effect  of  the  choice  made  on  the  angles  of  the  diagonal 
bracing  and  on  the  length  of  the  panels  in  the  cantilever.  If  the 
panels  be  short  and  a  great  depth  diminishing  rapidly  away  from  the 
abutment  is  used,  the  angles  of  the  diagonal  bracing  will  be  unfavor- 
able to  economy  near  the  abutment.  This  difficulty  may  be  avoided 
by  using  a  double  system  of  triangulation  over  the  deeper  part  of  the 
cantilever  only,  or  even  in  a  large  span  a  treble  system  for  some  dis- 
tance, and  the  objections  justly  urged  to  multiple  systems  of  triangula- 
tion in  trusses,  lose  most  of  their  force  in  the  case  of  large  cantilevers. 
In  the  first  place,  the  method  of  erection  by  building  out,  ensures  each 
diagonal  taking  its  proper  share  of  the  dead  load.     In  the  second  place, 

*  The  erection  of  this  bridge  is  described  in  apaper  recently  presented  to  the  In- 
■atation  of  C.£.  £ogland,  by  Sir  Bradford  Leslie,  &.O.I.E.,  who  carried  it  oat. 
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with  respect  to  the  rapid  variations  of  stress  in  the  web  members  from 
moving  load,  to  which  two  or  more  systems  of  tri angulation  give  rise,  it 
should  be  remembered  that  it  is  only  in  large  spans  that  a  donble  sys- 
tem could  have  anything  to  recommend  it,  and  then  only  near  the  abut- 
ment where  the  stresses  are  greatest,  and  that  in  such  cases  the  moving 
load  only  produces  a  small  portion  of  the  entire  stress  in  the  web.  In 
case  a  single  system  of  triangulation,  changing  to  a  double  system,  is  used 
in  one  part  of  a  cantilever,  it  is  desirable  to  provide  for  a  fair  division 
of  the  stresses  from  dead  load  between  the  two  s6ts  of  bracing  in  the  double 
system,  which  might  be  done  in  more  than  one  way.  A  compromise 
has  to  be  made  in  pracUce  between  different  requirements ;  and  the  depth 
must  be  kept  within  such  limits  as  will  admit  of  reasonable  proportions 
in  other  respects,  while  the  diagonal  ties  or  struts  may  be  allowed  to 
vary  in  inclination  to  some  extent  from  one  panel  to  another. 

The  effect  must  not  be  neglectf^d  which  the  choice  of  panel  length  has 
upon  the  weight  of  the  floor  system,  since  it  is  just  as  necessary  to 
observe  economical  proportions  in  that  part  of  the  bridge  as  in  any  other 
and  since  it  is  obviously  undesirable  to  attach  cross  girders  to  any  part 
of  the  main  trusses  except  where  they  are  directly  supported  by  the  web 
members,  if  it  can  be  avoided.  The  principle  to  be  observed  here  is  as 
follows  (and  has  not  so  far  as  we  know  been  stated  before).  There  is  a 
minimum  thickness  for  the  web  of  a  plate  girder,  beyond  which  it  can- 
not be  reduced  however  small  be  the  stresses  in  it.  What  this  minimum 
should  be  is  a  matter  of  opinion,  but  having  decided  on  it,  the  cross  girder 
should  (if  otherwise  practicable)  have  a  web  of  this  thickness,  and  the 
spacing  of  the  cross  girders  should  be  such  as  to  take  full  advantage  of 
the  strength  of  the  web ;  that  is  to  say,  the  spacing  should  be  such  as  to 
bring  on  to  each  cross  girder  a  load  that  strains  the  metal  of  the  web 
up  to  its  limiting  permi.^^sible  stress  in  that  position.  The  limit  will 
generally  be  reached  in  the  bearing  area  of  the  rivets  through  the  web, 
before  it  is  reached  in  the  shearing  section  of  the  web  itself. 

If  the  spacing  of  the  cross  girders  be  wider  than  this,  the  total  weight 
of  cross  girders  will  remain  unchanged,  supposing  them  to  be  accu- 
rately proportioned  to  the  stresses,  because  the  load  on  each  cross 
girder  increases  directly  as  the  space  between  them,  and  the 
number  of  cross  girders  diminishes  as  the  inverse  of  the  same  ratio. 
But  while  the  total  weight  of  cross  girders  remains  unchanged,  the  weight 
of  rail-bearing  beams  increases  rapidly  as  their  span  increases,  so  that  the 
total  weight  of  the  floor  will  be  increased,  if  the  interval  between  cross 
girders  be  greater  than  that  fixed  by  the  above  prmciple.    But  it  should 
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be  observed  tbat  tbe  proper  spacing  for  cross  girders  thus  arrived  at  is 
greater  as  the  length  of  the  cross  girder  is  greater  and  in  direct  proportion 
to  it.  For  the  depth  of  the  cross  girder  will  be  a  constant  fraction  of 
its  length,  and  therefore  the  safe  load  on  a  web  of  a  given  thickn&<«  will 
be  proportional  to  the  length  of  the  cross  girder.  This  is  important  for 
the  reason  that  it  is  not  unnsual  to  make  cantilevers  of  a  tapering  form 
in  plan,  i.e.,  with  width  diminishing  from  the  abutment  outwards,  to 
give  greater  stiffness  against  wind.  If  this  be  done,  the  cross  girder  will 
vary  in  length  and  will  be  longer  where  the  cantilever  is  deeper  (if  the 
depth  vary),  and  we  thus  find  that  where  we  wish  to  use  longer  panels 
in  the  main  trusses,  we  shall  promote  economy  in  the  floor  system,  by 
using  them.  The  qualification  must  be  observed,  that  when  the  cross 
girder  reaches  such  a  length  as  to  make  a  framed  truss  more  suitable  for 
it  than  a  plate  girder,  the  principle  above  set  forth  ceases  to  hold  good, 
because  the  weight  of  the  cross  girder  (of  given  length)  is  then 
approximately  proportional  to  its  load,  and  therefore  the  same  per  foot 
run  of  the  bridge,  whatever  the  spacing  may  be.  (  We  are  here  neglecting 
the  consideration  of  the  effect  of  the  weights  on  separate  axles  of  a 
locomotive  which  would  modify  these  conclusions  where  the  cross 
girders  are  very  dose  together). 

The  panels  should  in  no  case  be  allowed  to  get  too  long,  not  only 
for  the  sake  of  keeping  down  the  weight  of  the  floor  system,  but 
also  because  the  difficulty  of  erection  by  building  out  will  be  vastly  in- 
creased, and  also  because  it  will  entail  strengthening  of  the  booms  to 
resist  the  local  action  of  their  own  weight. 

Although  it  is  impossible  to  lay  down  general  rules,  owing  to  the  ex- 
tent to  which  the  circumstances  of  different  bridges  vary,  yet  it  may  be 
said,  that  when  the  conditions  admit  of  it,  the  type  of  cantilever  that  will 
generally  prove  the  cheapest,  taking  into  account  facility  of  manufacture 
and  erection,  is  the  truss  with  vertical  posts,  with  one  horizontal  boom 
and  with  one  boom  inclined  and  straight  throughout.  The  St.  Law- 
rence bridge  (Fig.  4.)  is  a  good  example  of  this  type.  If  the  tensionai 
boom  be  horizontal,  the  diagonal  ties  are  shorter,  while  if  the  compres- 
sional  boom  be  horizontal,  the  weight  of  the  two  booms  together 
will  be  somewhat  less.  A  form  more  pleasing  to  the  eye  is  obtained 
by  making  the  lower  boom  curved.  By  this  means  the  web  stresses, 
may  be  largely  reduced,  but  the  increased  length  of  the  web  members 
and  the  additional  weight  in  the  lower  boom,  will  usually  more  than 
neutralize  this  advantage.  The  expense  of  manufacture  will  be  also 
increased  by  a  curved  boom,  and  therefore  it  is  not  to  be  recommended 
except  from  asthetio  considerations,  which  are  of  course  in  certain 
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cases  of  the  highest  importance.  If  a  curved  boom  is  used,  it  should 
be  sufficiently  flat  to  allow  of  each  length  of  boom  from  joint  to  joint 
being  made  straight,  without  marring  the  outline,  and  the  central  span 
should,  if  possible,  have  a  curved  boom  of  continuous  curvature  with 
that  of  the  cantilever.  The  best  way  of  effecting  this  is  by  employing 
a  hinged  braced  arch  (as  proposed  by  Mr.  C.  B.  Bender^)  instead  of 
a  truss  for  the  centre  span.  The  hinged  arch  by  means  of  a  temporary 
connection  with  the  tensional  boom  of  the  cantilever,  can  be  built  out 
without  false  works  in  exactly  the  same  way  as  a  trussed  center  span 
can  be.  The  effect  of  substituting  an  arch  for  a  truss  in  the  centre 
span  is  to  increase  largely  the  stress  on  the  compressional  boom  of 
the  cantilever,  and  at  the  same  time  to  relieve  the  stress  on  the 
tensional  boom  and  the  anchorage.  Care  must  be  taken  that  under  no 
circumstances  shall  the  stress  on  the  tensional  boom  be  reversed. 

The  proportion  which  the  length  of  the  centre  spanf  is  to  bear  to 
that  of  the  cantilevers,  will  generally  be   very  largely  governed  by  the 
proposed  manner  of  erection,  but  in  any  case  it  is  a  matter  of  interest 
to  know  what  proportion  would  be  the  most  economical,  and  if  that 
proportion  cannot  be  used,  it  is  desirable  to  know  how  the  total  quantity 
of  material  in  the  bridge  will  vary  with  the  different  proportions  that  it 
may  be  open  to  us  to  select.     The  mathematical  analysis  of  this  problem 
in  general  is  surrounded  with  great  difficulty,  unless  hypotheses  are  made 
which  remove  it  out  of  the  region  of  practical  utility,  but  for  any  such  type 
of  cantilever  as  that  of  the  St.  Lawrence  bridge,  the  following  method 
will  give  all  the  desired  information  vrith  sufficient  accuracy  for  the  pur- 
pose.    The  general  features  of  the  design  are  supposed  to  have  been 
provisionally  settled,  and  it  is  only  required  to  determine  how  the  total 
weight  will  be  affected  by  varying  the  length  of  the  cantilever  portion 
of  the  bridge.     The  vertical  loads  only  need  be  considered,  because  the 
material  needed  to  re8i>t  wind  stresses,  although  very  considerable  in 
large  bridges,  will  not  seriously  affect  this  particular  question.     If  how- 
ever great  refinement  is  wished  for,  the  wind  pressures  may  also  be 
taken  into  account  by  an  extension  of  the  same  process.  The  stresses  in  the 
cantilever  arise  from  two  sources,  (1)  the  load  on  its  end  from  the  centre 
8p:in,  which  varies,  of  course,  with  the  length  of  that  span ;  (2)  the  moving 
and  dead  load  on  the  cantilever  itself.  Let  a  skeleton  diagram  be  made  of 
a  cantilever  extending  to  half  the  entire  span  of  the  bridge  in  length,  or  to 
whatever  may  be  the  greatest  length  it  would  be  possible  to  make  the  oan- 


*    <' Principles  of  economy  in   the  design  of  Metallic  Bridges/' New  York : 

Wiley  and  Son,  1886. 

t    Tbis  term  is  used  for  brevity  to  denote  any  span  resting  on  the  end  of  the 

cantilever. 
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tilever.     Shorter  cantilevers  will  then  be  represented  by  cutting  off  one 
two  or  more  panels  from  the  cantilever  at  the  abutment  end,  and  the  stres* 
ses  in  all  the  membLT.s  would  remain  unaltered  by  shortening  the  length 
in  that  way  if  the  loads  reinuined  unaltered.     Let  the    stresses  in  the 
cantilever  now  be  calculated,  (a)  from  a  load  of  100  tons  on  the  end  of 
the  cantilever  together  with  the  loads  from  the  approximate  weights  of 
the  members  themselves,  only  so  much  metal  in  the  members  being 
considered  as  is  necessary  to  carry  the  load  of  100  tons  at  the  end ; 
(6)  from  the  moving  and  dead  loads  on  the  cantilever,  neglecting  the 
load  on  the  end  from  the  centre  span,  but  including  the  approximate 
weight  of  the  members  of  the  cantilever,  as  necessitated  by    the  loads 
here  considered.     The  weight  of  the   cantilever  itself  is  thus  divided 
into  two  parts,  one  of  which  is  dealt  with  in  (a)  and  the  other  in 
(6) :  these  parts  must,  of  course,  be  assumed  in  the  first  instance  and 
then  corrected  by  the  refnilt  of  the  calculations.     We  thus  form  a  Table 
of  the  weights  of  cantilevers  of  various  lengths  difturing  successively  by 
one  panel.     The  labor  in  doing  this  is  not  excessive,  because  we  do  not 
require  results  correct  tn  themselvtx,  but  only  results  which  are  compar- 
able with  each  other  and  relutively  correct,  and  it  is  not  necessary  there* 
fore  to  have  great  exactness  in  the  permissible  stresses  per  square  inch, 
in  compression  members,  or  in  the  percentages  to  be  added  for  covers  and 
secondary  bracings  and  so  on.  A  concentrated  moving  load  is  easily  dealt 
with,  as  its  effect  on  the  whole  of  the  boom  is  greatest  when  it  is  at  the 
outer  end  of  the  cantilever,  and  on  any  member  of  the  web  when  it  is 
concentrated  as  nearly  as  possible  above  the  outer  end  of  that  member. 
Thus  the  process  of  getting  at  the  weights  of  cantilevers  of  various 
lengths  loalcd  as  in  (a)  and  (6),  is  merely  one  of  suoessive  summation, 
one  panel  after  another  being  added  and  no  calculations  repeated,  as 
they  would  have  to  be  in  independent  girders  of  different  span.     Next, 
(c)  let  the  loads  be  calculated  which  are  imposed  on  the  end  of  the 
cantilever  by  central  spans  of  different  lengths.     This  load  is  made  up 
of  half  the  dead  weight  of  the  central  span  and  of  more  than  half  the 
moving  load  (if  the  moving  load  is  not  assumed  as  uniform).     Finally 
make  a  list  of  the  probable  weights  of  material  in  the  main  trusses  of 
centre  spans  of  various  lengths,  taking  care  that  the  weights  correspond 
to  the  kind  of  truss  which  it  ia  actually  intended  to  use,  and  that  they 
include  only  such  parts  as  enter  into  the  estimates  previously  made  of 
weights  of  cantilevers.     This  list  can  be  obtained  from  weights  of 
existing  bridges,  by  estimating  for  one  span  in  the  same  manner  as  the 
cantilever  was  estimated  for,  and  then  comparing  the  result  with  the 
usual  weight  of  bridges  of  the  same  span  and  type,  which  will  give  a 
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factor  for  reduciDg  the  usual  weights  of  other  spans  so  as  to  make  them 
comparable  with  the  cantilever  weights.  We  now  have  material  for 
filling  up  a  Table  such  as  the  following : 
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We  have  here  supposed  the  table  to  be  formed  for  a  total  span  of 
600  feet,  which  is  to  be  made  up  of  two  cantilevers  and  a  central  span 
resting  on  them^  and  we  have  supposed  it  to  proceed  by  differences  of 
20  feet  in  the  centre  span.  All  the  rows  of  figures  in  such  a  table  as 
this  need  not  necessarily  be  calculated.  Some  may  be  filled  up  by 
interpolation.  Columns  4,  6  and  3  are  the  results  of  the  preliminary 
calculations  [a]  [b]  and  [c]  described  above.  Column  5  is  obtained 
by  multiplying  the  figures  in  column  3  by  those  in  column  4.  Column 
8  is  the  desired  total  weight,  and  will  show  the  relative  economy  of 
different  arrangements.  The  figures  in  column  8  will  not,  of  course, 
agree  with  those  of  an  actual  bridge,  but  the  differences  between  them 
will,  if  the  calculation  is  properly  made,  be  the  differences  between  the 
weights  of  actual  bridges,  because  in  the  estimates  everything  will  have 
been  considered  which  could  cause  a  difference  to  arise.  The  Table 
given  above  by  way  of  illustration  must,  of  course,  be  modified  to  suit 
the  circumstances  of  different  sites.  For  instance,  instead  of  two  equal 
cantilevers  and  a  central  span,  a  case  like  the  Hooghly  Bridge  [Fig.  3] 
may  arise,  where  there  is  for  each  opening  one  cantilever  and  a  shore 
span,  and  in  which  the  amount  of  material  between  the  piers,  necessary 
to  resist  the  bending  moments  at  the  piers,  must  enter  into  the  compari- 
son.   Again^  where  anchorage  has  to  be  provided,  another  column  of 
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weights  must  be  added  for  the  weights  of  backstays  and  anohors,  and 
must  be  summed  along  with  the  weights  of  other  parts  of  the 
bridge.  All  this  calculation  may  appear  somewhat  irksome,  but 
in  the  case  of  a  large  work,  extensive  calculations  can  be  afforded  if 
their  results  are  trustworthy ;  and  when  the  alternative  is  only  to  act 
on  irrational  analogies  from  other  works,  or  on  imperfect  formul»,  a 
considerable  amount  of  such  preliminary  labor  should  willingly  be 
undergone. 

The  weight  of  anchorage  material  necessary  is  proportional  to  the 
bending  moment  at  the  abutment  and  inversely  as  the  depth  of  the 
cantilever,  other  things  being  equal.  If  the  backstays  are  straight  and 
terminate  at  a  given  level,  the  most  economical  angle  for  them  is  45^, 
regarding  only  the  section  necessary  in  them  to  meet  the  stress;  but  by 
making  the  angle  with  the  horizontal  a  little  less  than  45,^  a  certain 
amount  of  material  may  be  saved  in  the  joints  of  the  backstays  and 
also  in  the  anchors,  which  more  than  compensates  for  the  increased 
weight  of  the  backstays  themselves. 

Where  other  spans  have  to  be  built  adjacent  to  a  large  cantilever 
span,  it  should  not  hastily  be  assumed  that  the  proper  plan  is  neces- 
sarily to  counterbalance  the  cantilever  by  an  adjacent  cantilever  in  the 
opposite  direction.  Where  good  foundations  exist  and  piers  would  not 
be  expensive,  it  may  be  cheaper  to  build  a  number  of  short  independent 
side  spans,  and  anchor  the  cantilever  independently  of  them.  If  this 
is  done,  care  must  be  taken  to  provide  in  the  abutment  for  the  un- 
balanced thrust  in  the  lower  boom  of  the  cantilever.  In  estimating  for 
a  centre  span,  resting  on  two  cantilevers,  it  must  not  be  forgotten  that 
every  ton  of  weight  in  it  has  to  be  paid  for  again  in  extra  weight  in 
the  cantilever,  and,  therefore,  it  is  justifiable  to  incur  greater  expense 
than  otherwise  would  be  advisable,  where  weight  can  thereby  be  saved, 
as  for  instance  by  using  the  highest  class  of  material  both  for  trusses 
and  floor,  and  the  lightest  forms  of  connections. 

The  joint  between  the  central  span  and  the  cantilever  requires  care- 
ful consideration,  the  connection  should  be  such  as  to  fulfil  the  following 
conditions : 

[1]  Both  cantilevers  must  be  free  to  expand  and  contract  from  change 
of  temperature. 

[2]  The  wind  pressure  on  the  central  span  must  be  equally  borne  by 
the  two  cantilevers. 

[3]  There  must  be  longitudinal  support  for  the  central  span  to  resist 
the  effect  of  a  braking  of  a  train  on  it  or  a  wind  blowing  diagonally. 

[4]  The  connection  at  both  ends  must  have  sufficient  lateral  rigidity 
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to  check  undue  lateral  vibration.  Conditions  (1)  and  (3)  would  be 
fulfilled  bj  supporting  the  central  span  like  anj  ordinary  bridge  truss, 
on  a  rocker  bolted  down  at  one  end  and  on  a  rocker  resting  on  expansion 
roUers  at  the  other,  but  this  would  not  satisfy  the  second  of  the  condi- 
tions. A  better  plan  would  be  to  support  the  span  by  rollers  or  links  at 
both  ends,  and  to  secure  the  centre  span  to  one  cantilever  only  by  a  large 
vertical  pin  on  the  centre  line  of  the  bridge  adapted  to  transfer  all  the 
lateral  shearing  force.  A  similar  pin  at  the  other  end,  free  to  move  in 
an  elongated  hole,  would  also  be  the  most  satisfactory  way  of  transmit- 
ting the  shearing  force  at  that  end  also.  The  points  of  contrary  flexure 
of  the  whole  bridge  under  wind  pressure  would  then  be  fixed,  and  all 
uncertainty  as  to  wind  stresses  removed.  The  plan  adopted  in  the  Indus 
Bridge  is  to  have  expansion  rollers  at  bothends»  and  to  connect  the  span 
to  both  cantilevers  by  horizontal  bolts  along  the  centre  line  of  the  bridge, 
by  which  an  initial  compression  is  put  on  rubber  springs  enclosed  in 
cylinders.  These  bolts  do  not  transmit  any  shearing  force,  but  only 
serve  to  make  the  expansion  equal  at  both  ends,  and  remove  the  necessity 
of  bolting  down  the  span  to  the  cantilever  at  one  end.  The  springs  are 
not  stiff  enough  to  put  any  serious  additional  strains  on  the  bridge  under 
the  greatest  changes  of  temperature.  The  wind  pressure  on  the  central 
span  is  transferred  to  the  cantilevers  through  a  sliding  contact. 

The  study  of  the  deflections  and  deformations  of  bridges  has  been  too 
much  passed  over  in  works  on  the  subject ;  and  as  it  is  one  of  great  im- 
portance in  relation  to  cantilevers,  we  will  devote  a  little  attention  to  it. 
It  is  advisable  to  ascertain  if  possible  the  nature  of  the  deformations 
which  a  bridge  will  undergo  under  its  loads,  before  building  it,  and  not 
to  depend  simply  on  observations  taken  when  the  bridge  is  tested,  because 
a  study  of  the  deformations  may  give  valuable  hints  as  to  improvement 
in  design. 

Whether  the  joints  are  hinged  or  rigid,  it  is  permissible  to  treat  the 
structure  as  a  framework  with  frictionless  hinged  joints  in  the  first 
instance,  as  is  universally  done  in  calculating  the  stresses  in  the  various 
members.  With  this  assumption,  the  deformation  may  be  calculated 
either  graphically  or  analytically.  Where  the  angles  between  the  web 
members  and  the  booms  are  not  constant,  the  graphic  method  is  the  most 
rapid,  and  in  any  case  would  be  useful  to  check  calculation,  and  as  giv- 
ing a  general  idea  of  the  deformations  at  a  glance.  It  rests  on  the  fol- 
lowing propositions : — 

(1)  flf  a  diagram  be  drawn  representing  a  given  hinged  framework 

tThis  proposition  and  the  analytical  expressions  below  are  given,  so  far  as 
we  know,  for  the  6nt  time,  though  they  are  likely  to  have  occurred  to  others. 
The  geometrical  proofs  of  them  are  comparatively  simple. 
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on  a  scale  of  i,  and  if  starting  from  a  fixed  point  and  a  line  of  fixed  direc- 
tion in  the  framework,  the  diagram  be  re-drawn  with  its  lines  increased 
or  diminished  in  length,  by  the  full  size  elongation  or  compression  of 
the  various  members  of  the  frame-work,  then  in  comparing  the  two  dia- 
grams thus  obtained,  the  change  of  position  of  any  point  in  the  diagram 
is  the  actual  movement  under  strain  of  the  corresponding  point  in 
the  structure,  and  the  change  of  angle  of  any  line  in  the  diagram  is  m 
times  the  change  of  angle  of  the  corresponding  line  in  the  structure. 

The  only  proviso  is  that  the  scale  of  the  diagram  must  be  sufficiently 
large  that  the  elongation  or  compression  of  any  member  may  still  be  a 
small  fraction  of  the  line  on  the  diagram  affected  by  it ;  the  fraction 
may  be  l-20th  without  seriously  impairing  the  accuracy  of  the  results. 
[This  method  applies  of  course  to  other  structures  equally  with  can- 
tilevers. In  the  case  of  independent  trusses  the  deformation  would  be 
plotted,  commencing  from  the  middle  of  the  bridge,  where  under  a 
symmetrical  load  the  booms  are  horizontal.] 

If  the  analytical  method  be  used,  let  ABYX  (Fig.  7)  be  one  panel 
of  a  cantilever  whose  booms  AB  and  XY  make  respectively  angles 
tt  ®  and  <J  ®  with  the  horizontal.  Letlj ,  Ij,  1  3  be  the  distances  res- 
pectively of  X,  B  and  Y  from  the  vertical  through  the  extremity  of  the 
cantilever. 

Then  if  the  length  AB  of  the  top  boom 
be  expanded  by  an  amount  K^  x  AB 
the  vertical  deflection  at  the  end  of  the 
cantilever  due  to  this  change,  all  the 
other  members  of  the  cantilever  re- 
remaining  unaltered  in  length,  is  : — 

,  K.AB1. 

(2;         1  —    BX-sinABX 
Similarly  for  the  length  XY  of  bottom  boom  contracted  by  an  amount 
K,XY: 

,0,       -'.  _  _  K..XY.1. 
W  —    BX.sinBXY: 

For  the  diagonal  tie  BY : 

(*)     "'^^    {^l^^-UeotYBC-cotBYX)} 
For  the  diagonal  strut  BX  : 

These  expressions  are  here  given  in  their  most  general  form.     In  any 
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particular  case  they  will  be  much  simplified.  For  instance,  when  the 
booms  are  parallel,  (4)  and  (5)  consist  of  their  first  term  only.  If  in 
addition  the  strut  BX  is  vertical,  sin  ABX  in  s^  and  6^  is  unity.  K 
varies  according  to  the  stress  per  sq.  inch,  but  usually  k^  will  be  nearly 
equal  to  k,  and  k , ,  k,  and  k,  will  not  vary  much  from  one  panel  to  another. 
In  tension  members,  of  course,  the  gross  section  must  be  estimated  in 
order  to  determine  the  elongation,  where  in  calculating  stresses  deduc- 
tions would  have  to  be  made  for  rivet  holes. 

Some  useful  deductions  may  be  made  i&om  the  propositions  given 
above. 

Consider  two  similar  cantilevers  whose  linear  dimensions  in  all  direc- 
tions are  as  m^ :  m,,  and  whose  external  loads  are  in  the  same  ratio.  The 
stress  per  sq.  inch,  on  corresponding  members  of  the  two  cantilevers 
being  the  same,  we  see  at  once  that  the  deflections  will  be  in  the  ratio  of 
m^ :  m,.  The  angular  deformation  will  be  the  same  in  both  cases.  Let  us 
now  compare  the  secondary  stresses  to  which  these  angular  deformations 
give  rise,  if  the  two  cantilevers  compared  be  rigid  at  the  joints  and  not 
hinged.  The  form  of  the  booms  under  strain  will  be  a  curve  of  con- 
tinuous curvature,  passing  approximately  through  the  positions  of  the 
joints  given  by  the  diagram  of  deformation  in  which  the  joints  were 
treated  as  hinged.  It  will  not  be  accurately  so,  because  at  each  joint 
the  web  members  and  the  boom  act  on  each  other  with  equal  and  opposite 
couples,  and  also  the  curvature  of  any  web  member,  by  shortening  the 
distance  between  its  ends,  tends  to  elevate  the  lower  boom  and  depress 
the  upper,  but  the  effect  of  these  forces  will  not  modify  the  form  of  the 
boom  to  any  great  extent  compared  to  the  whole  deformation. 

It  follows  then  from  the  similarity  of  the  figures  that  in  the  two  can- 
tilevers compared,  the  radii  of  curvature  of  the  booms  at  corresponding 
points  are  as  m  j :  m,.  Let  p  be  the  radius  of  curvature,  r  the  distance 
from  the  neutral  axis  of  the  boom  to  its  most  strained  edge,  t  the  stress 
per  sq.  inch,  at  that  edge  due  to  flexure,  and  let  the  subscript  figures  1 
and  2  in  all  cases  refer  respectively  to  the  two  cantilevers  under  com- 
parison. 

Thent=  — 

P 


(6)  Therefore  k^  !l  ^  ^'  =  ^^  x  -^ 
t,        r,     ^        ri     m. 


Now  confining  ourselves  to  the  compression  boom  in  which  r  (and 
therefore  t)  is  of  course  much  greater  than  in  the  tensional  boom,  r  will 
in  general  be  made  a  certain  proportion  of  the  panel  length,  since  the 
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boom  has  to  be  treated  as  a  column  with  fixed  ends,  from  which  We  see 
that  if  the  panel  length  increase  in  proportion  to  the  sise  of  the  bridge 

'2  =:-^»  ftiid  (6)  becomes  ta  =  tj,t.e.,  the  stress  due  to  flezore  is  constant. 
Ti       mi 

In  any  case  if  the  depth  of  all  individual  members  of  the  webs  or  boom  is 

proportional  to  the  span,  the  stress  per  sq.  in.  due  to  deformation  is  the 

same  in  corresponding  members  in  all  spans.     This  is  an  important  fact; 

because,  with  very  large  bridges,  pin  connections  become  difficult,  owing 

to  the  large  siase  of  pins  and  eyes  required,  and  therefore  it  is  important  to 

know  that  the  objections  to  rigid  connections,  founded  on  the  secondary 

strains  they  give  rise  to,  do  not  become  greater  as  the  span  increases. 

In  order  to  ascertain  the  changes  of  figure  due  to  deformation  (on 
which  depend  the  secondary  stresses  in  the  structure),  the  changes  of 
angle  must  be  investigated. 

Let   ^1     be    the    increase 
in  the    angle  AXW  due   to 
deformation,    supposing    the 
joints  to  befrictionless  hinges,          nir  A 
A  a  the  increase  in  AXB  and                '  , 

A3  that  in  BXY.  T5 "^  ^ 

Assume  for  simplicity,  that  K  is  the  same  for  all  members,  and  that 
AW  is  parallel  to  BX,  and  AX  to  BY. 
Then  Ai=2  K  { cot  (^  +  d).\ 
A,=2  K  cot  a. 
A,=:2  K  { cot «»— cot(i8  4-  rf  )| 

If  A  be  the  angle  between  WX  and  XY  after  deformation 

A  =:Ai  +  Aa  +  £is=2  K  (cot  «  +  cot  <^). 

Suppose  now  6  to  be  the  angle  between  the  booms  (assumed  to  be 
straight).     Then  a=  3  +  ©  and  A  =  2  k  { cot  (/3  +  ©)  +  cot  ^.\ 

If  then  P  and  S  be  given,  A  is  a  maximum  when  the  booms  are  parallel 
and  dimmishes  continually  as  8  increases,  thus  showing  that  the  distor- 
tion of  the  booms  is  less  for  a  cantilever  of  varying  depth  than  for  one  of 
uniform  depth. 

For  a  given  value  of  9,  if  P  and  ^  vary,  it  will  be  found  that  A  is  a 
maximum  when  B  is  the  point  of  contact  of  a  circle  through  X  Y  touch- 
ing the  line  A  B.  a  vanishes  when  «=  ^ —  <'. 

The  web  members,  however,  have  each  a  bending  moment  at  the  end, 
and  there  must  be  a  couple  acting  on  the  boom,  equal  and  opposite  to 
the  sum  (or  difference)  of  the  couples  acting  on  the  ends  of  the  two  web 
members  meeting  at  the  point  of  the  boom  in  question.  Thus,  when  the 
form  of  a  frame  with  frictionless  hinges  under  strain  would  be  the 
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Fig.ia 


figure  as  shown  in  dotted  lines 
(the  hooms  being  straight  be- 
cause cot «  +  cot  rf  =s  o)  — then 
if  the  joints  be  rigid,  the  booms 
and  webs  would  be  distorted 
as  shewn  exaggerated  in  full 
lines,  all  angles  at  evetj  joint 
being  the  same  as  those  in  the  original  figure.  If,  howeyer  (as  is  generally 
the  case  in  pin  bridges),  the  booms  (or  one  of  them)  be  continuous,  and 
the  web  mambers  be  hinged,  then  neglecting  friction  of  pins,  in  such  a 
oase,  when  cot «  4-  cot  ((  =  <»,  the  boom  which  would  suffer  distortion  if 
cot  a  +  cot  <J  were  not  aero, 
wiU  remain  straight  under 
strain.  This  happens  in 
the  annexed  figure  when 
ang.  WAB  =  ang.  AXW. 

In  practice,  only  an  approximation  to  such  a  condition  could  be 
realized,  because  the  panel  could  not  be  allowed  to  vary  so  rapidly  in 
length  as  constant  angles  for  bracing  would  necessitate. 

But  if  for  ties  AX  and  BT,  struts  BW  and  CX  were  substituted,  it 
will  be  seen  that  cot  a  +  cot  ^  becomes  much  larger  at  once,  and  the 
strains  on  the  compression  boom,  which  is  necessarily  continuous,  will  be 
much  greater. 

If  B  lie  outside  the  two  positions  on  AC  given  by  a  air —  6^  the  cur- 
Tature  of  the  lower  boom  will  be  upwards  because  a  becomes  negative. 
Take  the  case  of  a  girder  of  uniform  depth ;  a  =  /)  and  7  s  (f 

Let  d  =  depth 

a  =  length  of  panel 

a  =  d  (cot/3  +  cot<J) 

...  ,^^or±j:^ 

d  ad 

Therefore  the  deviation  of  the  boom  per  foot  of  length  is  constant  and 
independent  of  the  angles  of  the  bracings.  It  is  proportional  to  the 
stress  per  sq.  inch  and  inversely  proportional  to  the  depth. 

Attention  should  be  directed  to  the  deformation  of  the  lower  boom 
of  a  cantilever  or  continuous  girder  at  the  abutment.  If  a  diagram  be 
drawn,  as  recommended  above,  to  ascertain  the  general  deformations  of 
the  structure,  it  will  be  found  that  the  angular  deformation  of  the  lower 
boom  is  greater  at  the  abutment  than  at  other  joints,  and  is  some* 
times  such  as  to  give  rise  to  very  serious  secondary  strains  in  the  boom^ 
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when  the  joint  at  the  abutment  is  rigid.  The  oause  of  this  is  the  sud- 
den reversal  or  vanishing  of  the  shearing  force  in  crossing  the  abutment 

The  same  effect  would  occur  in  ordinary  truss  girders  at  the  middle^ 
but  in  this  case  it  is  always  mitigated  by  the  fact,  that  the  web  members 
in  the  middle  of  the  truss  are  necessarily  almost  unstrained  from  primary 
stresses  where  reversal  of  shearing  stress  takes  place,  being  designed 
for  maximum  shearing  at  that  section  from  unequal  loading ;  and  also 
because  the  section  cannot  be  reduced  to  almost  nothing,  as  the  stress  is, 
and  so  the  great  stiffness  (comparatively)  of  the  web  relieves  the  boom 
of  local  distortion.  The  difference  is  that  in  cantilevers  the  shearing 
stress  rises  to  a  maximum  at  the  abutment  and  then  suddenly  diminishes. 
In  trusses  it  diminishes  to  zero  at  the  centre  and  then  increases  in  the 
opposite  sense . 

To  those  whose  ideas  of  flexure  in  girders  are  founded  entirely  on 
the  theory  of  flexure  in  beams  this  would  not  readily  occur,  for  that 
theory  makes  the  curvature  depend  solely  on  the  bending  moment 

E  I 

according  to  the  equation  p  =  ^  This  follows  from  the  assumption 

that  all  particles  of  the  beam  lying  in  one  plane  normal  to  the  neutral 
axis  before  strain  will  lie  in  one  normal  plane  during  strain,  an  assump- 
tion which  is  plausible  enough  for  beams,  but  can  have  no  relation 
whatever  to  the  flexure  of  a  hinged  framework  • 

We  have  seen  however  in  equations  (4)  and  (5)  how  the  deflections 
are  affected  by  the  shearing  stresses,  and  in  that  view  it  need  not  be 
surprising  that  a  sudden  and  great  change  in  the  shearing  stress  causes 
great  local  deformation.  The  remarks  apply  equally,  of  course,  to  con- 
tinuous girders  as  to  cantilevers,  and  point  to  the  desirability  of  hing- 
ing the  lower  boom  at  the  abutment  when  practicable. 

The  calculation  of  deflection  in  a  cantilever  may  sometimes  be  facili- 
tskted  in  the  following  manner.  Suppose,  by  way  of  illustration, 
that  the  stresses  on  all  the  members  of  the  bridge  in  tension  are  not 
far  from  5  tons  per  square  inch  of  gross  section  and  that  the  compres- 
sional  stresses  range  from  a  to  b  tons.  The  form  of  the  bridge  would  be 
unaltered  by  an  equal  compressionable  stress  per  square  inch  applied 
to  all  members  alike,  for  this  would  simply  make  the  bridge  shrink  in 
all  directions  alike,  a  similar  result  to  that  produced  by  a  fall  of  temper- 
ature. Imagine  then  an  initial  compression  of  five  tons  per  square  inch 
applied  to  all  members.  This  produces  no  angular  deformation,  but 
only  a  shrinkage  equivalent  to  slightly  altering  the  scale  of  the  drawing. 
Now  combine  this  uniform  stress  with  the  actual  stresses  in  the  bridge 
and  we  have  the  tensional  stresses  so  nearly  neutralized,  that  they 
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may  be  n^lected,  and  ihe  compression  stresses  varying  from  a  +  5  to 
b  +  5  tons  per  square  inoh.  By  this  means  we  are  saved  the  labour 
of  caloulating  the  effect  of  change  of  length  in  half  the  members  of  the 
bridge.  If  this  modification  is  applied  to  the  graphic  method,  the  re- 
sulting diagram  will,  in  its  angles,  be  unaffected  by  the  modification. 
To  have  the  linear  deformations  correct,  the  whole  diagram  of  defor- 
mation must  be  supposed  expanded  by  the  amount  of  the  initial  strain. 
If  for  instance  the  abutment  be  d  ft  below  the  end  of  the  cantilever  the 
deflection  given  by  diagram  or  calculation  will  be  in  excess  to  the 
amount  of  K  d  t  where  K  is  the  compression  in  a  foot  of  length  due  to 
a  stress  of  1  ton  per  square  inch,  and  t  tons  per  square  inch  is  the 
initial  compression  supposed  to  have  been  applied. 

From  the  drawings  accompanying  this  paper,  Plates  III,  IV,  V 
and  YI  have  been  prepared. 


DISCUSSION. 

Mr.  c.  Bender.  Responding  to  die  kind  invitation  of  the  Canadian  Society  of  Civil 
Engineers,  the  writer  ventures  to  make  some  remarks  regarding  Mr. 
Findla/s  paper  on  Cantilever  Bridges. 

The  author  agrees  with  the  writer  on  many  points,  but  on  several 
others  the  views  are  much  at  variance. 

In  the  first  instance,  the  writer  holds  it  to  be  of  great  importance 
that  a  deur  idea  should  be  had  as  to  what  a  cantilever  bridge  really 
is,  for  this  reason  :  that  a  continuous  bridge  with  hinges,  and  that 
Other  designs  of  the  solitary  beam,  fixed  with  the  minimum  expense 
at  its  ends,  and  provided  with  an  independent  middle  span  of  suitable 
length,  are  entirely  different  structures,  and  have  to  be  designed  fbr 
essentiaUy  different  conditions.  He  at  once  excludes  such  bridges, 
which  for  the  sake  of  one  fixed  span  are  provided  with  one  or  even  two 
heavy  outside  spans  over  dry  land.  Such  structures  have  no  reason  of 
existence,  and  are  the  more  objectionable,  as  the  entirely  erroneous  idea 
has  crept  in  that  it  is  economical  to  make  long  cantilevers,  and  con- 
sequently very  great  moments  of  flexure  at  the  piers.  If  continons 
bridges  must  be  built,  there  must  be  good  reasons  for  making  several 
spans,  there  must  be  deep  water  to  be  crossed. 

Perhaps  it  will  not  be  out  of  place  to  trace  ihe  scientific  develop- 
ment of  this  class  of  bridges  in  general,  which  form  the  subject  of  Mr. 
Findlay's  paper. 

At  the  end  of  last  century  the  French  savant,  Pierre  Simon  Girard, 
translated  the  theory  of  flexure,  which  the  immortal  Leonard  Euler 
had  given  in  1744,  and  extended  this  theory,  which  to-day  goes  by  the 
name  of  Navier,  to  the  beam  fixed  at  the  ends.  About  10  years  later 
Poyet,  in  France,  proposed  what  the  writer  termed  stay-bridges,  consisting 
of  two  pairs  of  masts,  anchored  back,  and  carrying  the  floor  by  inclined 
tension  rods  or  stays,  and  compression-members  abutting  against  each 
other  at  the  feet  of  the  masts.  His  idea  was  taken  up  in  G-ermany 
and  in  1825  the  first  modem  cantilever  bridge  was  built  over  the  Saale 
at  Nienburg.  The  designer  had  already  a  tolerably  clear  understand- 
ing as  to  economy.  The  span  was  240  feet  in  the  clear ;  the  wooden 
towers  were  40  feet  high,  the  anchorage  bars  were  manifold,  but 
inclined  in  the  average  at  an  angle  of  nearly  30  degrees.  A  short 
drawspan  in  the  middle  was  added  to  accommodate  the  passage  of 
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flhipg.  The  bottom  chords  were  of  wood,  abutting  against  masoniy ; 
the  stays  were  of  iron.  This  bridge,  however,  had  but  a  short  life. 
It  only  cost  8,000  dollars,  inclasiye  of  abutment  and  anchorage  arches, 
and  though  it  stood  its  tests,  for  some  unknown  reason,  though  un- 
loaded, it  fell  several  months  later.  As  a  peculiarity  of  this  structure, 
it  may  be  mentioned  that  the  suspension  stays  were  kept  in  straight 
lines  by  a  system  of  light  distance  pieces  or  struts,  which  in  concentric 
lines  intersected  the  stays  and  back-stays  at  nearly  90  degrees,  in  the 
flame  manner  as  was  proposed  for  a  similar  design  by  Messrs.  Flad  and 
Pfeiffer  in  1875,  for  the  projected  Blackwell's  Island  bridge  in  New 
York. 

In  1865  G.  de  Bergve  in  England  patented  continuous  girders  with 
hinges,  but  prop^ly  speaking  this  patent  was  an  extension  of  designs 
proposed  by  Joseph  Langer  in  Austria.  At  that  time  so  little  atten- 
tion was  given  to  this  novelty,  that  in  1866  it  could  be  reinvented  by 
the  practical  bridge  engineer  Gerber  in  Germany,  and  a  year  later  by 
the  writer  in  the  United  States. 

In  the  year  1873  the  writer  had  occasion  to  make  estimates  for  an 
intended  bridge  over  the  Niagara  river,  and  the  idea  struck  him  to 
utilise  the  cantilever  principle  of  erection  already  proposed  by  Pope  of 
New  York,  then  by  Telford  in  1811,  and  executed  by  the  Engineers  of 
the  St.  Louis  arch-bridge,  by  making  the  material  necessary  for  such 
an  erection  a  permanent  and  necessary  part  of  the  bridge.  The  arch 
should  be  very  deep,  hence  broad  at  the  base,  and  not  wider  at  the 
top  than  necessary  for  the  floor.  The  outcome  was  the  writer's  arch 
bridge  with  five  hinges. 

The  design,  however,  is  not  simply  a  three-hinged  arch  set  upon  the 
ends  of  two  cantilevers,  but  it  is  entirely  different  in  principle  from  the 
cantilever  bridge.  It  is  a  bridge  with  but  one  pair  of  chords,  a  real 
arch,  but  with  five  hinges.  If  the  whole  arch  is  uniformly  loaded 
this  bridge  will  act  as  a  theoretically  perfect  arch.  The  two  hinges 
between  the  crown  and  the  abutments  are  so  placed  that  they  must  be 
fixed  in  position,  in  such  a  way  that  in  certain  cases  of  loading  the 
bridge  they  cannot  move  upwards  or  downwards.  The  unloaded 
bridge  again  is  an  arch,  and  has  hardly  any  strains  in  the  anchorages. 

In  order  to  prevent  reversal  of  strains  in  the  anchorages,  so  as  to 
permit  the  use  of  tensile  members  instead  of  tie-struts,  also  to  make  the 
middle  arch  deeper,  hence  more  economical  for  very  large  spans,  the 
writer  ailerwards  added  the  arrangements  which  Mr.  Findlay  mentions, 
oonsistbg    of  the  provision   by  which  the  protractions  of  the  end- 
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tangents  of  the  middle  arch  pass  sufficiently  underneath  the  abutments 
of  the  whole  arch. 

For  moderate  spans,  the  arch  is  more  in  place  where  the  question  is 
to  erect  a  deck-bridge.  If  a  through  bridge  were  intended,  a  difficulty 
would  arise  how  to  carry  the  wind  strains  from  the  arch  above  down 
to  the  floor  below,  and  yet  how  to  leave  a  way  for  the  passage  of  trains. 
Arches  biing  in  an  unstable  equilibrium  must  ba  thoroughly  braced 
together.  This  probbm  indeed  arises  with  all  through  bridges,  only 
that  they  have  tansile  chords  on  which  stiff  fram3s  can  b3  erected, 
holding  the  joint  points  of  the  top  chords  in  position.  However,  not 
many  through  girder-bridges  are  at  all  properly  braced  transversely  at 
their  entrances.  Such  bridges,  especially  pin  jointed  structures,  which 
not  only  have  a  smaller  number  of  stiff  members  in  their  webs  than 
rivetted  lattice  girders  with  stiff  members  throughout,  and  therefore 
should  be  fitted  with  especially  stiff  and  carefully  calculated  ends,  are 
frequently  found,  and  are  still  constructed  with  loose  suspenders  instead 
of  posts,  entirely  out  of  place  where  the  tensile  chords  consist  of  eye 
bars.  These  loose  hangers  are  nowhere  more  out  of  place  than  at  the 
first  panel  points  from  the  end-bearings  of  a  bridge,  and  with  the 
parsimoniously  designed  portals  are  among  the  causes  why  it  is  so 
easy  to  push  such  bridges  from  their  piers. 

All  such  bridges  should  be  well  provided  with  carefully  designed  end- 
posts,  which  should  be  stiffly  connected  at  their  feet  as  well  as  above 
the  open  space  for  the  passage  of  carriages. 

Thus  it  is  seen,  and  it  is  illustrated  by  the  many  accidents  occurring 
to  scantily  braced  through  bridges,  that  it  is  not  very  easy  in  case  of  a 
small  or  a  moderate  span  of  through  arch,  to  comply  with  these  condi- 
tions of  transverse  stiffness  against  wind.  In  reality  it  would  be  neces- 
sary to  build  for  every  panel  a  thoroughly  stiff  frame  which  would  hold 
the  arch  points  above  the  floor  in  position,  and  would  have  to  receive 
its  basis  from  a  couple  of  continuous  chords  in  the  plane  of  the  floor, 
thoroughly  braced  to  receive  the  whole  windstrains.  On  this  basb 
stiff  frames  or  diaphragms  would  have  to  be  erected  to  hold  the  joints 
of  the  arch  in  position. 

But  all  these  preparations  combined  with  the  abutment  masonry 
would  destroy  the  economy  of  the  arch,  so  that  only  the  erection  on  the 
cantilever  principle  would  remain,  and  perhaps  the  graceful  appear- 
ance of  the  design. 

In  the  case  of  very  great  arches,  however,  the  question  of  safe  and 
scientific  bracing  is  not  offering  any  great  difficulty,  and  for  deck-arches 
there  is  none  whatever. 
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The  through  cantilever  bridge  of  Girardot,  of  328  ft.  span,  designed  in 
1879,  and  the  arch-bridge  at  Honda  with  five  hinges  designed  in  1833, 
comply  with  the  conditions  of  transverse  stiffness  against  wind,  and  the 
manner  in  which  these  conditions  are  fulfilled  is  illustrated  in  the  writer's 
book,  kindly  mentioned  by  Mr.  Findlay.  These  two  examples  at  the 
same  time  show  how  the  writer  thought  a  better  appearance  might 
be  given  to  such  structures,  and,  having  discussed  the  conditions  which 
limit  the  use  of  the  arch  bridge  with  five  hinges,  he  returns  to  its 
merits  as  regards  economy. 

If  enp^ineers  have  an  opportunity  of  utilizing  the  advantage  offered 
by  locality  towards  dispensing  with  tensile  chords,  by  abutting  curved 
top  chords  against  firm  rock  or  economical  artificial  nbutments,  or  if  a 
railway  or  a  city  bridge  exceeds  250  feet  in  span,  a  considerable  weight 
is  not  only  entirely  saved,  but  it  no  lono;er  loads  the  bridge  which  at 
the  same  time  receives  a  more  graceful  appearence. 

For  all  these  reasons  the  arch  is  very  well  adapted  for  spans  of  ex- 
traordinary length^,  and  the  only  improvement  necessary  is  to  secure  its 
easy  erection. 

By  anchoring  the  two  end-parts  of  the  arch  with  five  hinges  back- 
wards, just  enough  material  is  obtained  to  dispense  with  false  works, 
and  at  the  same  time  the  moments  of  flexure  of  the  arch  under  a  one- 
sided load  are  reduced  to  aboat  one-half  of  what  they  would  be  in  case 
of  an  arch  with  three  hinges,  so  that  again  material,  which  otherwise 
would  load  the  bridge,  is  removed  from  it,  and  it  is  utilized  to  make  the 
anchorage  which  is  thus  obtained  at  no  cost  at  all. 

Up  to  spans  of  about  550  feet,  single  span  bridges  require  the  lea^t 
quantity  of  material.  For  very  large  bridgef*,  and  where  the  locality 
permits  it,  for  moderate  spans  also,  arches  are  more  economical.  On 
account  of  the  high  strength  (nearly  300,000  lbs.  per  square  inch)  and 
great  lengths  (in  coils  of  one  piece  up  to  a  hundred  weight)  of  steel 
wire,  now  so  cheap,  and  on  account  of  the  very  great  facility  of  erection, 
suspension  bridges  with  suspended  well  braced  stiffening  girders,  which 
we  now  know  how  to  calculate  and  to  proportion  properly,  compete 
with  great  arches. 

Continuous  girders  with  hinges,  where  in  place,  offer  all  the  advan- 
tages claimed  for  the  theoretical  continuous  girders  without  their  disad* 
vantages. 

Cantilever  bridges  will  remain  only  for  localities  where  erection  is 
difficult  and  where  the  arch  with  five  hinges  can  not  be  applied. 
Extraordinary  economy  can  hardly  bo  claimed  for  them. 
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According  to  carcfal  eAtimates  of  spans  of  1,700  feet,  the  arcb  with 
five  hinges  was  foand  to  be  about  one  half  as  heavy  as  the  canttleyer 
bridge. 

A  oantileyer  bridge,  defined  by  the  writer  as  the  single  span  fixed  at 
the  ends,  must  be  designed  so  that  the  span  itself,  plus  its  anchorages, 
contains  a  tniniroum  of  material.  The  quantity  of  material  on  the 
whole  forms  the  basis  for  comparison,  for  admitted  that  eyehars  cost 
more  per  ton  than  bars  of  equivalent  strength  obtained  by  adding  pairs 
of  joint  plates  ri  vetted  to  them,  there  remains  the  difference  of  dead  load 
important  for  great  spans. 

With  a  continuous  bridge,  however,  the  question  of  anchorage  is 
only  of  secondary  importance,  because  the  outside  spans  by  their  own 
unavoidable  weights  counterb  ilance   the  moments  at  the  main-piers. 

What  Mr.  Pindlay  says  about  the  proporti  >ns  of  oaatilevers  refers 
to  this  class  of  bridges,  not  to  the  real  cantilever  bridge  or  the  single 
span  fixed  at  the  ends. 

He  also  says  that  the  theories  hitherto  given  towards  proportioning 
cantilver  bridges  are  all  vitiated  by  not  considering  the  ooa-uoiformity 
of  the  permanent  loads  of  cantilevers. 

This  objection,  which,  if  true,  would  overthrow  the  writer's  own, 
investigations  as  published  in  his  book,  however  only  holds  good,  if  the 
cantilevers  were  to  be  designed  long  and  the  central  span  short  This 
design  is  only  admissible  for  certain  continuous  girders,  not  for  the  single 
span  fixed  at  the  ends.  Of  such  a  bridge  the  moments  at  the  roots  of 
the  cantilevers  must  be  kept  moderate  in  order  to  make  the  anchorages 
economical.  In  fact,  these  end  moments  must  be  not  greater  than  neces- 
sary to  erect  the  tohole  bridge  safoly  without  false  works.  And  thus 
it  is  at  once  seen  how  the  distinction  between  continuous  girders  and 
beams  fixed  at  their  end  leads  to  the  proper  design  of  either  class  of 
structures. 

It  seems  to  the  writer  that  Mr.  Findlay  has  perhaps  underrated  the 
importance  of  moderate  moments  at  the  piers,  and  overrated  the  impor- 
tance of  unequal  dead  loads.  If  the  permanent  load  of  a  cantilever  at 
the  root  is  6  tons  and  at  the  end  1  ton,  and  if  the  movable  load  correS'- 
ponding  with  it  is  two  tons  per  lineal  foot,  the  theoretical  quantity 
of  this  cantilever  is  only  20  per  cent,  in  the  average,  less  than  if  the 
weights  were  all  uniformely  distributed. 

That  with  cantilevers  of  the  modern  fixed  girder,  the  permanent 
loads  at  the  piers  are  still  greater  than  at  their  ends  is  an  advantage 
which  is  not  overlooked,  but  the  cantilevers  becoming  short  is  of  no 
such  importance  as  to  alter  the  leading  principles. 
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TJndonbtedly,  if  the  question  were  only  this:  how  to  reduoe  to  a 
minimum  the  material  between  the  piers,  the  division  of  the  span  into 
cantilevers  and  middle  span  would  have  to  be  made,  so  that  for  very 
great  distances  to  be  bridged,  the  middle  span  would  carry  about  one 
quarter  of  the  whole  span,  and  in  this  instance  the  cantilevers  would  be 
light  at  their  ends  and  heavy  at  the  piers« 

But  if  the  division  were  made  in  a  fashion  that  the  middle  span  be-* 
comes  f  th  to  ^  of  the  whole  span,  the  permanent  load  at  the  end  of  the 
cantilever  would  become  heavy,  and  the  cantilevers  so  short,  and  natu- 
rally so  deep,  as  to  permit  without  any  appreciable  error  the  supposition 
of  uniform  load. 

Long  cantilevers  lead  to  very  great  depths,  the  other  design  leads  to 
a  moderate  and  more  uniform  depth,  hence  to  a  more  moderate  width  be- 
tween the  girders,  and  to  lighter  floors  and  to  the  desirable  shorter  panels. 

Besides,  if  the  span  were  divided  nearly  in  the  same  proportion  as 
demanded  by  the  ordinary  theory  of  continuity,  the  girders  would  also 
be  properly  separated  to  withstand  with  a  minimum  of  material,  and 
hence  expense,  the  wind  pressure.  The  material  necessary  on  this 
account  in  the  chords  would  be  reduced  to  a  minimum. 

Of  the  various  bridges  of  that  class,  such  as  Mr.  Findlay  comprises 
under  the  common  name  of  cantilever  bridges,  the  writer  does  not  know 
of  one  where  the  problem  was  more  than  the  design  of  one  or  two 
distinct  beams  fixed  at  their  ends. 

Gerber  in  Glermany,  in  the  year  1867,  took  the  lead  with  the  execution 
of  continuous  bridges  with  hinges.  The  Kentucky  river  bridge  of  the 
late  Mr.  Shaler  Smith  is  a  continuous  bridge  scientifically  divided, 
and  with  scientific  parallel  chords. 

The  Niagara  bridge  of  Mr.  C.  Schneider  could  have  been  treated  as 
a  real  cantilever  bridge,  the  heavy  outside  staging  and  counterpassing 
spans  could  have  been  suppressed. 

In  fact  the  instances  will  be  rare  when  long  cantilevers  need  be 
resorted  to  at  all,  and  in  all  instances  where  the  one  span  has  to  be 
chosen,  a  middle  span  of  about  f  th  of  the  whole  span  leads  to  an  abso- 
lute minimum  of  cost  including  anchorages.  This  design  leads  to 
bridges  of  moderate  depth  and  width,  with  comparatively  light  webs, 
and  with  scientific,  clearly  understood,  and  economical  provision  for  the 
strains  arising  from  wind. 

The  middle  span  to  be  erected  on  the  cantilever  principle  should  have 
a  depth  of  ^th. 

The  curves  of  moments  of  cantilevers  rise  rapidly  towards  the  piers, 
the  more  reason  to  adhere  to  moderate  depths^  as  these  great  moments 
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oaly  stretch  over  a  small  length,  and  as  in  addition  the  shearing  forces 
are  very  great  at  the  piers,  so  that  long  posts  should  he  avoided  if  pos- 
sible. 

The  variation  of  depth  in  the  writer's  opinion  is  not  a  source  of  any 
economy  in  cantilever  bridges. 

As  regards  the  design  of  the  posts,  he  takes  this  opportunity  of 
mentioning  that  secondary  bracing  or  latticing  of  such  members  can 
and  should  be  avoided.  Posts  with  solid  webs  are  preferable.  The 
author  of  the  paper  states  correctly  that  vertical  compression  members 
are  practically  the  most  economical.  Each  corresponding  couple  of 
such  posts  should  form  a  stiff  diaphragm  for  the  bridge,  containing 
the  floor  beam  and  the  transverse  windbracing.  The  floor  beams  cause 
moments  of  flexure  of  the  posts,  and  these  moments  of  flexure  should  be 
mentioned  in  every  bridge  specification.  The  posts  should  be  designed 
as  if  they  were  hinged  at  their  ends,  and  the  necessary  material  should 
be  added  to  make  good  the  moments  of  flexure  to  which  they  are 
necessarily  subjected. 

The  Dutch  engineers  used  to  build  their  posts  very  wide,  so  as  to  fit 
into  their  broad  trough-shaped  chords.  These  posts  were  made  with 
secondary  bracing,  lacing  or  latticing,  and  the  result  was  that  the  inne- 
web  diagonals  were  found  to  receive  other  strains  than  the  outside  diar 
gonals.  The  differences  were  very  great  up  to  80  per  cent.,  and  the 
strains  were  even  reversed  towards  the  middle  of  a  span. 

The  Dutch  engineers  now  place  castings  on  the  bottom  chords  which 
support  the  cross  beams,  so  that  the  loads  are  better  distributed. 

If  the  posts  were  designed  with  plate  webs  they  would  naturally  be 
built  less  wide,  and  if  in  addition  the  tensile  diagonals  were  placed  in 
the  middle  of  very  strong  pins,  their  strains  would  be  practically  equal 
on  both  sides.     * 

As  regards  anchorages,  a  great  depth  at  a  pier  reduces  indeed  the 
counterweight  of  stones  at  the  end  of  the  anchorage,  but  it  is  an  error 
to  suppose  that  it  would  in  the  least  reduce  the  minimum  material 
really  needed  to  effect  this  anchorage.  It  seems  that  this  error  has 
contributed  to  the  adoption  of  very  deep  cantilevers.  The  quantity  of 
metal  for  anchorage,  once  its  style  is  chosen,  depends  onl^  on  the  moment 
of  forces  at  the  piers.  It  actually  becomes  less,  not  greater,  if  the 
height  be  reduced  to  its  practical  minimum. 

The  anchorage  ties,  going  down  from  the  top  of  the  piers,  press  on 
these  piers,  and  the  material  to  resist  this  pressure  becomes  less  if  the 
piers  are  reduced  in  height.     The  ties  have  to  be  kept  in  straight 
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lines  and  must  be  braced  against  wind,  and  tbe  material  used  in  snob 
bracing  becomes  less  if  the  piers  are  lower. 

The  problems  of  tbe  most  favorable  designs  of  anchorages  constitute 
a  highly  interesting  part  of  the  study  of  cantilever  bridges,  which 
are  treated  in  the  writer's  book.  If  the  retaining  ties  are  anchored  to 
Uooks  of  masonry  or  to  rock,  in  a  manner  usual  for  suspension  bridges, 
their  most  economical  angle  of  inclination  is  less  than  thirty  degrees. 

The  writer  agrees  fully  with  the  author  as  to  the  importance  of  second- 
ary strains.  But  who  has  ever  undertaken  to  calculate  diem  for  a 
bridge  with  cantilevers  of  varying  depths  ?  He  also  agrees  fully  with 
Mr.  Findlay  in  advocating  many  fold  systems.  Panels  should  be  of 
moderate  lengths,  if  possible  no  krger  than  bars  can  be  rolled.  The 
patch-work  connected  with  broad  short  plates  should  never  be  adopted. 
The  design  should  be  for  open  sections,  not  round  ones,  and  should  be  of 
such  a  nature  that  any  respectable  existing  shop  could  execute  it  without 
reporting  to  new  inventions,  and  the  endeavour  should  be  towards 
good  proportions,  scientifically  correct  lateral  transverse  bracing  and 
towards  safe  floors. 

Finally,  the  writer  would  respectfully  state  that  he  believes  that  the 
desire  of  building  the  immense  spans,  which  now  are  in  fashion,  is  apt  to 
lead  to  extravagance  in  design  of  structures,  which  perhaps  can  never 
earn  the  interest  on  their  cost.  If  such  should  be  the  result,  capitalists 
would  in  future  hesitate  to  believe  in  the  estimates  of  engineers,  and  the 
profession  in  general  would  suiSer  for  it. 

Nothing,  in  his  opinion,  would  be  more  likely  to  prevent  such  a  de- 
cline of  reputation  than  the  extension  of  the  principle  of  free  trade  to  a 
fikir  competition  of  talent  in  the  design  of  bridges. 

Mr.  Findlay  has  certainly  made  a  very  searching  statement  of  the  prof.  Bun 
Cantilever  Bridge  question,  and  leaves  little  for  the  discussion.     There 
are  however  one  or  two  points  on  which  his  remarks  may  be  properly 
extended. 

In  the  first  place,  it  would  be  interesting  to  learn  about  what  rela- 
tive proportion  Mr.  Findlay  would  advise  for  economy  between  the 
length  of  anchor  and  cantilever  arms,  in  such  types  as  the  Niagara 
structure  where  there  is  no  central  span  continuous  with  overhanging 
aims.  Approximately  five  to  three  (the  former  representing  the  anchor 
arm)  gives  excellent  results  with  depth  over  main  pier  equal  to  nearly 
a  half  of  the  length  of  cantilever  arm.  This  leads  to  some  reversion 
of  stress,  but  not  to  a  sufficient  extent  to  prove  in  any  way  objection- 
able.    In  fact,  in  proper  design,  no  valid  objection  can  be  effectively 
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made  against  such  amount  of  reversion,  for  instance,  as  exists  in  ordi- 
nary swing  bridges. 

The  writer  can  see  n6  proper  reason  for  introducing  two  or  more  systems 
of  triangula  tion  in  any  structure  at  the  present  time^  That  there  is  some 
objection,  more  or  less,  Mr.  Findlay  admits ;  indeed  no  engineer  can 
deny  it.  Such  a  feature  is  probably  as  little  injurious  under  the  cir- 
cumstances indicated  as  is  possible,  but  it  is  impossible  to  determine  to 
what  extent  pernicious  uncertainty  exists.  The  facilities  for  fabricat- 
ing and  handling  large  bridge  members  which  the  best  equipped  bridge 
shops  now  possess  enable  engineers  to  avoid  such  defects  of  design, 
and  they  should  do  so.  Equalizing  arrangements  are  never  more  than 
imperfect  in  their  actions,  and  would  not  reach  the  whole  difficulty  if 
they  were. 

The  transverse  distance  apart  of  the  centres  of  the  trusses  in  a  cantilever 
system  carrying  a  suspended  span  between  the  ends  of  cantilever  arms, 
is  not  touched  by  Mr.  Findlay,  but  the  following  approximate  solution 
of  the  question  is  sufficiently  near  for  ordinary  purposes. 

Let  it  be  assumed  that  the  trusses  of  a  cantilever  span  should  have 
centres  the  same  distance  apart  as  those  of  a  simple  non  continuous 
span,  having  the  same  lateral  deflection  under  the  same  lateral  load 
'^  w  "  per  lineal  foot.  Let  li  be  the  length  of  such  a  non-continuous 
span  and  I  the  length  of  the  cantilever  span.  Let  0.3  I  be  the  lengtli 
of  each  cantilever  arm  and  0.4  I  the  length  of  the  suspended  span. 
Then  if  E  is  the  co-effioient  of  elasticity  and  I  a  constant  moment  of 
inertia,-  the  ordinary  formube  for  deflection  give  the  relation : — 

0.2  Z  (0.3  O    X    (0>3  y      .     6(0.4Z)*\    _   W    6^^. 


W      /0.2  I  (0.3  O    +    (0>3  y      .     6  (0.4  Z)*\    _   W 
EI     \  3  8  384     /    "   EI 
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h  «=  0.701  I (1) 

If  r  is  the  ratio  of  length  over  width  between  trusses  for  simple  non* 
oontinuous  spans,  then 

D«M2L? (2) 

r 
is  the  transverse  distance  between  centres  of  trusses  for  cantilevers  of 

the  type  assumed.     If  r  is  18,  Eq.  (2)  gives  D  =  ._  i  which  is  about 

right.     For  several  a^^arent  reasons  the  precediag  analysis  is  not  by 
any  means  accurate,  but  it  yields  a  veiy  good  rule. 
Mr.  whited.         There  are  a  few  points  connected  with  this  paper  to  which  the  speaker 
would  call  attention.    One  is  the  author's  remark  as  to  the  inadvis- 
ability  of  using  curved  chords. 
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A  onired  lower  <^ord,  that  is,  one  which  changes  ita  direction  slightly 
at  each  panel  point  hut  which  is  straight  between  panel  points,  reduces 
largely  the  vertical  shearing  stresses  in  the  web  members;  and  if 
the  segments  are  not  too  long  in  proportion  to  their  diameter — ^which 
▼ery  rarely  happens — ^they  afford  some  economy  of  material,  particularly 
if  the  web  members  are  very  long,  and  if  the  chords  are  rectangular  the 
increased  cost  of  manufacture  in  a  well  equipped  bridge  shop  is  very 
slight.  In  the  case  of  the  upper  chord,  in  which  the  rectangular  form 
is  as  economical  in  all  respects  as  any,  and  cheaper  to  manufacture,  this 
b  still  more  true,  eyen  when  the  two  trusses  are  not  parallel ;  and  if  eye« 
bars  are  used  the  cost  of.  manufacture  is  the  same.  K  rectangular 
chorda  and  rolled  edge  plates  for  splices  are  employed  it  is  not  generally 
necessary  to  heat  the  splice  plates  to  bend  them. 

The  author's  iuyestigations  on  the  subject  of  deflections  are  very  care- 
fully made,  and  they  seem  to  afford  a  strong  argument  in  favor  of 
employing  pin  connections  whenever  practicable,  paiticularly  in  cantilever 
bridges.  In  his  diagram  he  shows  a  reversed  curvature  in  all  members, 
bat  this  will  not  generally  be  the  case  in  practice  because  the  web  mem- 
bers are  so  much  lighter  and  longer  than  the  chords,  so  that  the  reversed 
carving  will  all  or  nearly  all  take  place  in  them,  while  the  curving  of 
the  chords  will  be  continuous,  owing  to  the  change  of  direction  at  the 
panel  points.  The  deflection  of  the  web  members,  of  course,  never 
approaches  the  danger  point,  but  it  throws  some  very  considerable 
atresses  upon  the  rivets  connecting  them  to  the  chords.  It  must  be  ob- 
served, however,  that  the  deflection  of  a  long  column  due  to  a  Uteral 
force  still  acting  is  more  dangerous  than  an  equal  amount  of  deflection 
originally  existing  in  this  column  due  to  imperfect  workmanship. 

This  matter  of  lateral  stress  in  long  columns  is  too  much  overlooked 
by  many  engineers  in  designing  bridges  and  other  structures.  The 
speaker  knows  of  a  pin-connected  bridge,  in  which  the  main  lateral 
system  is  placed  more  than  three  feet  from  the  centre  line  of  the  chord, 
and  no  apparent  attempt  has  been  made  to  stiffen  any  of  the  posts. 
3£oreover,  the  intersections  of  the  axes  of  the  cross  struts — ^which  in  this 
case  are  the  floor  beams — with  the  line  of  the  lateral  braces  are  at  one 
ride  of  the  posts.  To  be  sure,  the  floorbeams  are  rivetted  firmly  to  the 
posts,  but  the  outside  line  of  safety  stringers  is  mOre  than  three  feet  from 
the  posts.  In  the  particular  case  in  question  this  may  not  be  dangerous, 
bat  the  speaker  would  suggest  that  in  cases  in  which  it  is  impracticable 
to  place  the  lateral  system  nearer  the  centre  line  of  the  chord,  the 
oatside  line  of  safety  stringers  should  be  placed  as  near  the  side  of 
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the  bridge  as  practicable  and  made  to  serye  the  parpose  of  loDgitudinal 
strata,  the  lateral  bracing  intersecting  on  them. 

Another  point  in  connection  with  this  matter  of  deflection,  which, 
although  perhaps  somewhat  foreign  to  the  paper  under  discussion,  is 
suggested  bj  a  glance  at  the  view  of  the  Sakkur  Bridge  shown  in 
'^  Enginoering  "  of  Jan.  4,  1889.  This  view  may  not  be  accurate  in 
every  detail,  but  probably  it  is,  as  it  is  evidently  taken  from  a  photo- 
graph* The  point  is  this :  Iron  and  steel  are  not  rigid  metals,  and 
when  we  calculate  the  stresses  in  any  built  structure  we  must  bear  in 
mind  the  effects  which  the  yielding  of  any  piece  due  to  the  stress  upon 
it  may  have  on  other  parts  of  the  structure.  When  a  bar  is  subjected 
to  a  transverse  or  an  oblique  stress,  it  yields  very  much  more  under  a 
given  maximum  fibre  strain,  than  when  it  is  subjected  to  a  direct  tensile 
or  compressive  stress.  If  a  curved  bar  adh  and  a  straight  one  ach 
rivetted  together  at  a  and  h  are  strained,  either  in  tension  or  compresr- 
sion  in  the  direction  a  6,  the  stress  madh  will  be  only  that  due  to  the 
elongation  of  a  c  6  which  produces  a  bending  strain  only  in  adh.  To 
simplify  the  investi^tion,  suppose  a  c2  6  to  be  straight  from  a  to  c2  and 
from  dUyh^  and  suppose  them  to  be  rigidly  connected  by  the  bar  c  d. 
Also,  let  the  bars  ach  and  a  d&  to  be  alike  in  section.  Let  the  stress, 
(either  tensile  or  compressive)  be  P  and  let  that  part  borne  by  ca=F'^ 
and  that  part  borne  by  d  a  =  P*,  Also  let  <  c  a  ci  =  6,  ac=  Z,  then 

ad=i .    Now  the  elongation  of  a  c  =  JL —   in  which  E  =  mo- 

co»e  ®  US 

dulus  of  elasticity  and  8  =  the  sectional  area  of  the  bar.     The  force 
acting  at  a  to  bend  ad  =  P"  nn  ©,  which  tends  to  produce  a  deflec- 
tion in  the  direction  a  r  perpendicular  to  ad  equal  to 
P"  Z»  nn'  0  ^^^  ^^  elongation  in  the  direction  ca  =  f"  ^^  ^^'  ^  in 


which  /  is  the  moment  of  inerUa  of  the  bars,  but  since  a  c  is  as  stiff 
as  ad,  it  requires  approximately  the  same  amount  of  force  to  bend  a  cas 
to  bend  ad:  we  may  therefore  assume  that  the  actual  deflection  = 

'— — -/^^  the  deflection  due  to  these  two  forces  must  be  eoual 
6  EIeo%^  «  ^ 

therefore, 

F'l^    nn«     _    P^ 

^EIcos^Q     —    ES 

,  F'         6/co»«e 

^^^"^  pr  =  VSliUi^e 
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Thus  we  see  that  F^'  is  always  very  small  compared  with  P^.  This 
dilSsrenoe  is  increased,  when  the  stress  is  tensile,  by  a  c  5  bemg  deflected 
in  the  direction  de^  and  thos  shortened.  When  the  stress  is  compressiye 
aeb'iB  bent  toward  d,  thns  diminishing  its  power  to  resist  compression. 
The  speaker  calls  attention  to  these  facts  because  the  latticing  on  the  web 
members  of  the  Sakkur  Bridge  is  made  in  that  manner,  so  far  as  he  can 
judge  by  the  above  mentioned  engraving.  It  wonld  obviously  have  been  a 
much  better  distribution  of  metal  to  curve  both  bars  in  opposite  directions. 

When  the  panel  length  of  a  cantilever  bridge  is  great,  it  would  seem 
advisable  to  plitoe  lateral  bracing  on  the  stringers.  The  speaker  has  m 
mind  a  20  feet  girder  span,  with  3"  x  3''  x  f "  angle  bars  for  lateral 
bracing  on  both  top  and  bottom  flanges,  and  also  a  truss  bridge  having 
24  feet  panels  on  the  same  raibroad  with  no  lateral  bracing  at  all  on  the 
stringers,  and  these  stringers  are  not  so  stiff  sideways  as  the  girders  in 
the  first  mentioned  span. 

The  speaker  has  read  with  much  interest  Mr.  Findlay's  paper,  deal-  Mr.  Duggan. 
ing  as  it  does  with  a  subject  on  which  we  have  so  little  literature. 
There  are,  however,  certain  points  on  which  the  speaker  desires  to 
make  a  few  remarks. 

The  author  in  his  paper  explains  a  principle  to  be  observed  in  deciding 
on  the  length  of  panel,  which  seems  to  have  very  little  practical  value. 
All  ordinary  specifications  contain  some  provision  for  concentrated  wheel 
loads,  which  can  hardly,  as  the  paper  states,  be  neglected.  Consider  an 
engine  having  drivers  7  ft.  centre  to  centre,  then  evidently,  so  far  as 
live  load  is  concerned,  cross  girders  placed  2  ft.  c.  to  c,  would  have 
to  be  as  heavy  as  those  placed  7  ft.  c.  to  c.  The  same  is  true, 
though  in  a  modified  degree,  of  the  cross  girders  for  ordinary  panel 
lengths,  on  account  of  the  much  greater  load  per  foot  of  the  driver  base 
over  o^er  portions  of  the  load. 

Moreover,  the  cross  girder  as  a  rule  is  not  limited  to  depth.  It  would, 
therefore,  be  a  tedious  process  to  work  backwards  fiom  a  given  thick- 
ness of  web,  with  a  varying  intensity  of  load  and  a  depth  variable 
within  fairly  wide' limits,  to  find  a  panel  length  that  would  satisfy  the 
limiting  values  of  shear  or  rivet  bearing  at  the  end  of  the  cross  girder, 
but  in  all  probability  it  would  not  suit  the  general  outline  of  the  struc- 
ture. 

In  all  high  ckss  specifications,  ^e  minimum  thickness  of  web  allowed 
is  f  inch.  Taking  an  economical  and  practical  depth  for  cross-girder,  for 
double  track  and  width  of  about  30  ft.  c.  to  c,  of  trusses,  the  principle 
stated  would  give  a  very  short  panel  length  for  any  considerable  span, 
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as  for  24  ft.  panels  the  end  webs  would  require  to  be  about  ^  inch. 
For  single  traok  it  would  be  more  applicable,  as  the  width  generally 
requires  to  be  greater  than  that  called  for  by  clearance. 

The  author  says,  ''  A  curred  boom  is  not  to  be  recommended  except 
from  SQSthetic  consideration/' 

For  through  spans  many  consider  that  there  is  an  advaintage  in  using 
a  curved  top  chord,  and  the  speaker  has  found  in  comparatiye  estimates, 
on  a  few  moderate  spans  between  400  and  600  fib.,  an  economy  of  mate- 
rial in  so  doing. 

With  eye  bar  tension  members,  curving  the  top  chord  does  not  add 
to  the  cost  of  shop  manufacture,  although  it  has  this  objection,  that  in 
erection  it  is  difficult  to  use  a  top  chord  traveller  and,  when  this  is  not 
possible,  necessitates  the  use  of  a  tall  and  heavy  traveller  for  erecting 
the  panels  near  the  pier  which  would  be  unnecessarily  large  as  the  work 


The  paper  supplies  an  easy  method  of  comparing  the  economy  of 
different  lengths  of  centre  span ;  but  as  the  table  has  not  been  carried 
out  to  the  case  of  a  centre  span,  there  are  some  practical  considerations 
deserving  of  mention. 

If  there  is  no  centre  span  it  would  be  very  difficult  to  form  a  satis- 
factory connection  at  the  junction  of  the  two  cantilever  arms  which 
would  provide  for  shear  under  Uve  load,  and  at  the  same  time  allow 
free  expansion  and  contraction. 

Again,  although  a  short  centre  span  might  be  economical  of  material, 
economy  is  not  ike  only  object  to  be  sought. 

We  know  that  under  certain  conditions  of  loading,  a  cantilever  span 
must  necessarily  deflect  much  mor^  than  an  ordinary  truss  of  the  same 
dimensions. 

Under  the  test  loads,  the  centre  span,  of  the  St.  John  cantilever — 
477  ft.  span — deflected  4  inches ;  the  Niagara  cantilever,  470  ft.  span, 
deflected  about  6|>  inches,  after  making  allowance  for  compression  of 
steel  piers. 

These  deflections  are  excessive,  and  under  loads  at  high  speed  might 
produce  serious  and  unknown  strains. 

According  to  Mr.  T.  G.  Clarke's  table  of  long  span  bridges  : 

The  515' span  of  the  Cincinnati  Southern  Railway  Bridge,  across  the 
Ohio,  under  test  load  deflected 2" 

The  492'  span  of  the  Kuilenbei^  firidge 1.32* 

The  396  span  of  the  Ohio  River  Bridge  at  Louisville 1^' 

From  the  considerations,  which  also  apply  to  the  horizontal  wind- 
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bracing  in  bridges  of  moderate  span^  where  the  lire  load  bears  a  large 
proportion  to  the  total  load,  it  wonld  seem  advisable  to  make  the  centre 
i^an  as  long  as  can  be  conveniently  erected^  and  the  conditions  will 
allow. 

In  speaking  of  the  joint  between  the  centre  span  and  the  cantilever^ 
the  author  mentions  fonr  considerations  to  be  observed,  which  have  been 
easily  met  in  America  by  hanging  the  centre  span  on  a  long  link  and 
making  a  sleeve  joint  in  the  chords. 

The  horizontal  reactions  of  the  wind  strains,  at  each  end  of  the 
centre  span,  are  carried  through  the  sleeve  joints  of  the  chords.  The 
dotted  chords,  while  allowing  sufficient  movement  for  changes  of  tem- 
perature, check  any  excessive  movement  from  longitudinal  strains  pro* 
duced  by  the  wind  or  brakes  set  on  a  train. 

The  paper  contains  some  veiy  interesting  notes  on  the  deflection  of 
a  cantilever,  l^e  determination  of  which  is  of  much  practical  importance 
to  the  builder  in  determining  the  lengths  of  members  in  the  finished 
structure,  in  order  that  when  built,  the  roadway  may  be  level  or  have 
the  desired  camber. 

As  examples  of  how  necessary  it  is  to  consider  the  deflection : 

Under  dead  load  only,  the  end  of  the  240  ft.  arm  of  the  Laohine 
Bridge  was  calculated  to  have  a  deflection  of  4.17  inches  (as  given  in 
Mr.  Moore's  description  of  the  Bridge) ;  the  end  of  the  Fredericton 
Swing,  Bridge  122  ft.  arm,  when  open,  was  calculated  to  have  a  deflec- 
tion of  If";  that  of  the  Murray  Canal  Swing  Bridge  75  ft.  arm — lfy'\ 

That  these  calculated  deflections  were  correct  was  proved  by  the 
bridges  having  the  desired  cambler  when  flnished,  the  calculated  deflec- 
tion having  been  provided  for  in  the  framing. 

The  formula  that  was  uded  in  ascertaining  the  deflections  given  above 
appears  to  be  simpler  than  the  equations  given  by  the  author  in  the  paper. 
It  originated,  as  far  as  the  speaker  knows,  in  C.  Shaler  Smith's  office* 
and  is  given  by  Mr.  Moore  m  his  description  of  the  Laohine  Bridge. 

It  is  :— deflection  of  any  point  A  =  g..^'^'. 

u  =  coefficient  of  action  of  member  =  strain  produced  in  member 
by  unit  hung  at  "  a." 

1  =  length  of  member  in  inches. 

8  =:  stress  per  square  inch. 

£  =  Modulus  of  elasticity. 

S  =  Algebraic  sum  of  these  values  for  the  several  members. 
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Mr.  T.C.Clarke.  This  excellent  paper  is  the  b^inning  of  the  literature  of  cantileyera, 
although  the  bridges  themselves  have  been  knoini  for  some  years. 

The  author  omits,  however,  to  refer  to  the  first  cantilever  bridge, 
that  was  built  by  the  late  C.  Shaler  Smith,  member  Am.  Soc.  G.  E., 
over  the  Kentucky  river,  in  1877,  and  described  in  the  transactions  of 
the  Inst.  Civ.  Engrs.,  No.  1574,  Vol.  54,  1877-8. 

In  those  days  the  word  cantilever^  had  not  been  applied  to  this  kind 
of  structure,  but  there  is  no  doubt  that  this  bridge  is  as  truly  a  canti- 
lever as  either  of  those  described  by  the  author. 

He  also  omits  any  mention  of  the  cantilever  bridge  built  by  the 
undersigned  and  his  associates  over  the  Hudson  river  at  Poughkeepsie, 
N.Y.,  last  year,  which  contains  the  largest  cantilever  spans  yet  built-* 
Plate  IV. 

The  writer  differs  fit)m  the  statement  of  the  author  that  "  where  the 
span  is  very  great  the  cantilever  bridge  generally  requires  less  material 
than  any  other  rigid  structure  of  equal  strength." 

This  is  not  true  either  in  theory  of  in  actual  construction. 

The  author  gives  the  real  reason  for  the  adoption  of  the  cantilever 
system  in  the  next  paragraph. 

One  of  the  most  important  questions  connected  with  the  designing  of 
cantilevers  is  to  determine  "  the  proportion  which  the  length  of  the 
centre  span  is  to  bear  to  the  rest  of  the  cantilever." 

The  writer  does  not  agree  with  the  author,  that  the  method  proposed 
by  him  will  '^  give  all  the  desired  information  with  sufficient  accuracy 
for  the  purpose."  He  believes  that  the  only  reliable  method  is  to  assume 
certain  proportions,  and  take  out  all  the  quantities  from  the  strain 
sheets  as  carefully  as  if  for  a  bill  of  material  for  purposes  of  construc- 
tion ;  and  having  done  this  to  vary  the  proportions  and  make  a  second 
estimate  of  weights,  in  other  words,  to  find  the  required  proportions 
by  a  system  of  approximations. 

There  would  be  no  objection  to  using  the  plan  proposed  by  the  author 
to  determine  the  proportions  to  be  used  for  the  first  approximation. 

The  joint  between  the  central  span  and  the  cantilever  has  been 
worked  out  in  the  Poughkeepsie  bridge,  in  a  perfectly  satisfactory 
manner,  and  one  much  simpler  than  that  adopted  at  the  Indus  bridge. 

The  joint  pins  between  the  central  span  and  the  cantilever  play  in 
oval  holes.     The  play  is  prevented  during  construction  by  wedges. 


*0n  referring  to  the  paper  No!  1674,  the  writer  fiods  that  he  read  these 
words :  ''By  this  means  the  stone  spans  were  rednced  to  300  ft.  each,  one  end 
resting  on  the  abutment,  and  the  other  on  the  overhanging  end,  or  eantiUver  of 
the  center  span." 
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Henoe  the  sectors  bear  no  difference  between  the  cantilever  and  oentral 
span  nntil  they  come  to  join  them  in  the  centre.  Then  they  move  the 
wedges  so  as  to  lengthen  or  diminish  the  space,  until  an  exact  fit  can 
be  made  between  the  rivets  and  their  holes. 

After  the  joint  is  rivetted  the  wedges  are  struck  away  together,  and 
the  whole  is  left  free  to  expand  and  contract  by  chai^^es  of  temperature. 

Mr.  Findlay's  paper  gives  evidence  of  careful  preparation,  of  ex-  Mr.Lindeiithal. 
tended  reading,  and  of  familiarity  with  the  theoretical  and  coDstructive 
questions  involyed,  and  it  is  a  valuable  contribution  to  the  literature  on 
the  subject. 

His  objection,  however,— the  denomination  of  cantilever  bridges  as  con- 
tinuous girders — does  not  seem  to  be  well  founded.  Though  their  classi- 
fication is  of  trivial  practical  importance,  in  a  theoretical  sense,  it  arises 
irom  the  consideration  that  any  girder,  requiring  for  its  stability  a  con- 
tinuacce  of  its  structure  beyond  the  supports,  is  a  continuous  girder.  By 
girder  we  understand  a  structure  giving  only  vertical  pressare  on  the 
supports.  The  above  classification  is  established  in  contra-distinction  to 
the  single  girder,  which  requires  for  its  stability  no  such  continuance 
of  its  structure  beyond  the  supports. 

In  every  continuous  girder  we  have  to  deal  with  end  moments,  and 
it  is  for  their  easier  and  more  accurate  determination  on  statical  princi- 
ples that  so  called  hinges  are  used  for  fixing  the  points  of  contra-flexure, 
by  cutting  the  chords  or  booms  at  certain  points.  It  is  this  breach  of 
continuity  which  appears  to  Mr.  Fiodlay  as  a  contradiction  of  the  classi- 
fication, and  it  is  the  wrong  location  of  these  hinges  and  the  perversion 
from  their  proper  use  under  the  pretence  of  economy  which  needs  our 
attention. 

The  convenience  of  hinges  in  continuous  girders  is  two-fold ;  a 
theoretical  one  in  the  more  accurate  and  reliable  determination  of  the 
stresses,  and  a  practical  one  in  providing  expansion  joints  in  the  metal 
frame.  As  an  offset  against  these  two  advantages,  none  very  decisive, 
there  may  result  some  decided  disadvantages,  which  have  not  found  the 
weighty  consideration  at  Mr.  Findlay's  hands  which  should  have  been 
given  them,  and  which  the  writer  wishes  to  point  out  further  on. 

Mr.  Findlay  seems  to  assume  that  all  cantilever  bridges  are  as  good 
or  better  than  other  truss  bridges  for  long  spans,  and  he  more  particu- 
larly gives  two  reasons  for  the  adoptioii  of  the  cantilever  type  in  prefer- 
ence to  other  types  for  certain  situations : — First,  economy  of  material  for 
equal  strength  as  compared  with  other  rigid  structures :  second,  facility 
of  erection  without  falseworks  for  the  cantilever  spans.    It  does  not 
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follow  that  these  adrantages  are  peonliar  to  the  cantilever,  bccaaae  they 
can  in  the  same  or  greater  degree  also  be  obtained  with  continuoot 
girders  without  hinges,  or  with  arches  ereot  or  inverted,  aocording  to 
local  conditions.  It  is  evident  that  Mr.  Findlay  treats  his  subject  on 
the  assumption  that  economy  of  material  and  of  erection  should  be  the 
loading  considerations  in  the  design  for  a  cantilever  bridge.  But,  from 
the  standpoint  of  the  bridge  user,  it  must  be  observed  that  other  features 
besides  economy  in  the  design  have  a  great  and  superior  interest 

Every  bridge  type  has  its  advantages  and  its  faults,  varying  in  d^ee 
in  different  cases,  and  according  as  they  are  balanced  in  any  given  case 
to  meet  the  conditions  mentioned  further  on,  so  will  result  the  design 
best  suited  to  all  the  cireumstancos.  The  advantages  of  the  cantilever 
bridge^  more  particularly  the  kind  having  two  hinges  in  the  middle  span, 
have  been  stated  by  Hr.  Findlay,  not  so  their  &ults.  In  the  following, 
the  designation  cantilever  will  be  used  as  more  particularly  meaning  the 
arrangement  with  two  hinges  in  the  same  span. 

DEFECTS  OF  CANTILEVERS, 

The  principal  faults  of  cantilever  bridges  as  they  have  hecn  built  are 
want  of  rigidity,  and  excessive  and  irregular  deflection  under  pasrang 
loads.  The  euphonious  name  given  to  this  type  has  probably  had  a  good 
deal  to  do  with  its  popularity.  Had  it  been  named  more  properly  the 
'<  kicking  lever  bridge,"  it  might  have  found  less  favor.  Unless  the 
dead  weight  of  such  a  bridj^e  is  several  times  heavier  than  any  live  load 
that  can  be  brought  upon  it,  it  will  deflect  too  much  to  allow  of  the 
r^ular  fast  running  of  trains.  For  a  waggon  bridge  there  can  be  no 
question  as  to  its  being  the  worst  type  that  can  be  chosen  for  comfort 
and  usefulness.  The  question  of  deflection  is  of  little  significance  in 
ordinary  truss  bridges,  even  of  the  longest  spans  (say  540  feet)  yet  built« 
It  is  rare  that  any  previous  calculations  are  made  for  it  in  ordinary 
practice,  so  that  engineers  may  have  easily  overlooked  the  necessity  for 
such  investigations  in  the  case  of  cantilever  bridges. 

Mr.  Findlay  rightly  calls  attention  to  the  meagre  treatment  of  the 
question  of  deflection  and  deformation  of  bridges  in  works  on  the  sub* 
ject.  Tet  it  too  often  happens  that  the  formulsa  deduced  for  the  solid 
beam  are  used  for  calculating  the  deflection  of  framed  trusses  with  mis* 
leading  results.  The  only  correct  way.  to  find  the  deflection  is  by 
taking  into  account  the  change  of  length  in  each  member,  as  Mr. 
Findlay  recommends,  which  been  made  use  of,  for  instance  by  Prof. 
R  Krohn  in  Germany,  for  the  calculation  of  braced  arches.    That  the 
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question  of  defleetion  is  of  more  conseqaenoe  in  esntilevers  tban  ia 
other  bridges,  not  only  for  its  amount,  but  also  and  especially  for  its 
nature,  will  be  clear  on  a  little  reflection.  A  beam  suddenly  loaded 
will  deflect  and  then  spring  back.  If  supported  at  both  ends,  the  great- 
est deflection  is  at  the  middle  where  the  bending  moment  is  greatest. 
If  supported  at  one  end,  like  a  cantileTer,  the  greatest  deflection  is  at 
the  free  end  where  the  bending  moment  is  zero.  It  is  important  to 
keep  this  distinction  in  mind. 

In  the  first  case  (beam  on  two  supports)  the  springing  back  is  resis- 
ted by  the  stiffness  and  weight  of  the  beam  greatest  at  point  of  greatest 
deflection.  In  the  second  case  the  springing  back  is  resisted  by  less 
weight  and  least  stiffness  of  the  beam  at  point  of  greatest  deflection. 
The  result  is  a  greater  amplitude  of  vibration  and  of  longer  duration. 

To  appreciate  the  effect,  reference  may  be  made  to  a  paper  by  Prof  S. 
W.  Robinson  (Trans.  Am.  800.  Civ.  Engrs.,  1887,  Vol.  XYI,  No.  351  )> 
in  which  he  gives  some  indicator  cards  of  vibration  on  ordinary  truss 
bridges  under  different  trains.  (His  arguments  and  conclusions 
based  thereon  however,  appear  to  the  writer  erroneous).  The  indi- 
cator cards  are  valuable  as  showing  one  thing,  previously  noticed  also 
by  other  experimenters,  vis.,  that  under  fast  trains  the  initial  deflection 
of  ordinary  spans  is  nearly  twice  as  great  as  the  subsequent  deflec- 
tion, which  more  nearly  corresponds  to  the  calculated,  or,  say,  normal 
deflection. 

The  obvious  conclusion  is,  that  the  strains  corresponding  to  that  greater 
deflection  must  likewise  be  greater.  Without  going  into  an  investiga- 
tion of  the  proximate  cause  of  this  fact,  we  must  notice  as  very  impor- 
tant in  this  connection,  the  proportion  of  dead  to  live  load  strains.  If 
for  instance,  they  should,  as  per  calculation,  be  in  the  normal  proportion 
of  one  to  one  in  any  member,  then  the  sudden  loading  will  cause  the 
proportion  to  be  as  one  to  two.  If  they  are  normally  as  one  to  two,  for 
sudden  loading  they  will  be  as  one  to  four. 

Now  in  the  cantilever  type  we  have  this  fact  that  the  ratio  of  live  load 
strains  is  greatest  at  the  end.  Hence  the  initial  effect  of  a  sudden  load 
strains  the  members  there  proportionately  higher,  and  necessarily  the 
initial  deformation  must  be  relatively  greater  there  than  near  the  sup- 
ports, besides' being  absolutely  greater  than  the  normal  deflection,  per- 
haps twice  as  great.  As  the  structure  tries  to  recover  its  normal  posi- 
tion under  the  load  and  the  cantilevers  spring  back,  they  do  so  with 
increased  force,  which  at  the  ends  is  not  resisted  by  any  great  weight 
or  Bti&ess  of  structure.  The  effect  is  that  peculiar  kicking  motion 
observed  in  a  jumping  plank. 
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We  have  here  then  the  explanatioii  of  a  deflectioD,  detrimental  to 
rigidity  of  stmctare,  and  detrimental  to  the  fast  running  of  trains, 
luless  the  stresses  ftom  dead  loads  are.  mnoh  laiger  than  from  live  loads 
in  the  cantilever  ends.  Bat  the  action  of  a  rolling  load,  though  bad 
enough  at  fast-train  speed,  is  smooth  in  comparison  with  the  action 
of  trotting  teams.  The  springiness  and  swaying  of  cantilevers  becomes 
particularly  noticeable  and  disagreeable  on  a  waggon  bridge.* 

To  further  illustrate  the  importance  of  this  question,  observe  the  line 
of  deflection  of  an  ordinary  beam  and  a  cantilever  beam. 

For  the  beam  it  is  uniformly  concave  towards  the  load,  though 
changing  for  different  positions  of  load  with  the  maximum  deflection  at 
the  centre.  The  reactions,  whatever  their  value,  take  place  simulta- 
neously. The  swaying  of  the  structure  ceases  when  the  load  has  passed 
it.  Not  80  in  the  cantilever  arrangement,  Figs  1  to  6.  The  curve 
of  deflection  is  here  not  uniform;  it  changes  in  the  shore  arm  from  a 
concave  to  a  convex  form  as  the  load  passes  over  and  beyond  it.  The 
curve  is  convex  in  the  cantilever  arms,  having  the  slope  of  deflection 
increased  by  the  convexily  of  the  curve  in  the  shore  arm.  There  are 
successive  violent  changes  of  deflection  in  a  broken  line,  the  reactions 
firdm  the  load  do  not  take  place  simultaneously  on  both  supports  as  in 
the  ordinary  beam  (or  in  a  different  degree  as  on  a  continuous  girder 
proper^,  but  they  occur  at  different  times  and  with  greater  variations. 

The  longer  the  cantilever  arms  and  the  shorter  the  suspended  middle 
truss,  the  greater  are  the  variations  in  the  reactions,  and  the  greater  are 
the  irregularities  in  the  deflection.  These  we  must  regard  as  defects,  and 
they  are  peculiar  to  this  kind  of  bridge  and  to  no  other.  Assume  that 
tlie  middle  span  would  consist  of  two  cantilevers  meeting  in  the  middle, 
but  not  connected  there,  Figs.  7,  8.  It  will  be  seen  that  a  load  could 
not  roll  over  it  at  all,  since  the  step  formed  by  the  deflection  of  the 
loaded  arm  would  not  permit  of  it.  If  these  arms  are  connected  with  a 
sliding  joint  the  problem  is  changed.  It  becomes  a  continuotis  girder 
hinged  in  the  middle,  which  cannot  be  calculated  on  statical  principles. 
This  form  of  cantilever  bridge,  though  not  very  commendable,  is,  how- 
ever, more  rigid,  because  reactions  take  place  simultaneously  on  both 
supports  for  any  position  of  the  load  on  the  middle  span. 

^t  The  market  bridge  in  Philadelphia  for  instanoe  is  a  heavy  wide  canti- 
lever structare.  All  the  same,  a  light  single  horse  team  sets  the  bridge 
kicking.  It  is  safe  to  say  that  the  same  or  a  less  amount  of  metal  disposed 
in  a  different  way  would  have  made  it  a  very  rigid  structure. 
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The  defects  of  the  cantilever  with  long  arms,  as  now  generally  built^ 
become  aggravated  for  two  or  more  tracks  on  the  bridge  bj  the  uneven 
deflections  of  the  trusses.  The  truss  nearest  to  the  lower  track  will 
deflect  more  than  the  other.  As  there  is  generally  cross-bracing  between 
the  trusses,  the  heavier  loaded  truss  will  tarn  round  the  less  loaded 
truss,  producing  a  lateral  motion.  The  lateral  bracing  between  the 
trusses  will  be  strained  more  than  it  would  ever  be  strained  by  the  wind^ 
for  which  it  is  proportioned.  Sometimes  these  cross  rods  may  snap 
from  the  excessive  strain  put  on  them  unnecessarily. 

The  worst  position  of  trains  for  the  bridge  is  when  one  has  just 
reached  the  end  of  the  cantilever,  while  a  train  on  the  other  track  is 
leaving  it,  a  not  infrequent  event  on  a  much  travelled  bridge.  The  rak- 
ing motion  of  the  structure  resulting  thereform  is  another  grave  defect. 
It  is  better  practice  to  leave  out  the  cross-bracing,  save  over  the  piers, 
and  to  depend  on  a  very  rigid  and  wdl  designed  lateral  bracing  between 
the  top. and  bottom  cords,  which  will  permit  the  trusses  to  deflect  inde- 
pendently of  each  other. 

In  a  bridge  with  several  long  spans  the  cantilever  arrangement  can 
be  used  only  in  every  other  span.  The  material  saved  in  the  cantilevers 
is  nearly  used  up  in  the  connecting  spans  for  the  heavier  web  members  and 
chords.  The  only  advantage  remaining  to  the  bridge  builder  is  the  pos- 
sibility of  erectiDg  every  other  span  without  false  works. 

The  so-called  five«hinged  aroh  of  Mr.  Charles  Bender,  which  Mr. 
Findlay  mentions,  does  not  seem  to  offer  any  improvement  in  point  of 
rigidity  or  deflection  over  the  ordinary  two-hinged  cantilever  truss 
though  on  the  point  of  economy  it  will  give  better  results,  provided  the 
local  conditions  are  favorable,  either  for  cheap  anchorages  or  for  cheap 
abutments,  to  take  up  the  horisontal  foroea  without  great  extra  expense. 
It  is  evident,  however,  that  it  could  not  be  used  in  a  succession  of 
more  than  three  spans,  including  two  end  spans. 

When  Bnohorages  aroused,  instead  of  flanking  spans  for  cantilevers, 
the  economy  as  pointed  out  by  Mr.  Findlay  (and  slso  by  Mr.  C.  Bon* 
der)  can  become  very  important  where  local  conditions  are  favourable, 
particularly  where  the  flmking  spans  would  otherwise  be  over  dry 
ground.  But  tlie  same  feature  is  applicable  to  continnous  girders  just 
as  well  without  as  with  hinges,  and  in  fact  has  been  so  used.^ 

*  Such  a  structure  for  instance  is  the  lattice  bridge  for  single  track  rail- 
road  and  wagon  road  over  the  Hiver  Kenzig  in  Ofienbury,  (Germany,  built 
about  1870,  one  span  210  feet.  The  ends  project  over  into  the  abutments  and 
are  anchored  down  not  so  much  for  economy  as  for  rigidity.  The  deflection 
is  less  than  |  in.  under  a  passing  train. 
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PROPSRLT  DBSIONBB  OANTILSYERS. 

The  most  fuyorable  arrangement  of  cantilevers  for  rigidity  is  obtained 
by  placing  the  binges  coincident  with  the  location  of  the  points  of  con- 
trafleznre  in  a  rigid  continuous  beam  fnUj  loaded.  Tlie  original  reason 
for  such  arrangement  was  ihe  calculation  of  the  type  on  statical  princi- 
ples, with  only  a  small  sacrifice  of  the  most  excellent  quality  of  con- 
tinuous girders,  nam<^ly,  rigidity  and  compactness. 

The  most  notable  instance  of  such  an  arrangement  is  the  Kentucky 
Biver  Bridge,  built  in  1876  77  by  C.  Shaler  Smith  on  the  Cincinoati 
Southern  RR.  It  was  the  first  cantileyer  bridge  built  in  America,and 
it  must  still  be  classed  as  the  best  designed  of  all  that  have  been  built 
before  or  since.  Trains  can  and  do  run  regularly  at  high  speeds  over 
the  Kentucky  Elver  Bridge,  without  detriment  to  the  structure,  and 
without  unusual  oscillation. 

If  we  take  the  Niagara  cantilever  bridge  as  the  best  of  that  class, 
more  particularly  treated  by  Mr.  Findlay,and  compare  the  observed  de- 
Hections  uuder  the  official  test  loads  on  the  same  with  the  official  test  of 
the  Kentucky  Biver  bridge^  the  difFerence  in  rigidity  will  be  explained. 

The  greatest  observed  deflection  in  the  Kentucky  Biver  bridge  at  the 
hinge  was  \\\  in.  down  and  1^  in.  up,  or  together  a  -movement  of  3( 
in.  In  the  Niagara  bridge  the  similar  results  were  7f  in.  down  and 
If  in.  up,  together  9^  in.,  including  the  effect  of  the  shortening  of  the 
towers  in  both  instances.  The  maximum  deflection  at  the  middle  of 
the  Kentucky  Biver  bridge  was  3^  in.  The  corresponding  total 
movement  in  the  Niagara  Bridge  amounts  to  9^  in.  In  the  Kentucky 
River  bridge,  the  line  of  deflection  is  smooth.  In  bridges  of  the  Niagara 
type  it  is  very  much  broken  and  angular.  The  breuks  in  the  line  of 
track,  though  small  and  hardly  noticeable  at  low  speeds,  cause,  at  high 
speeds,  shocks  and  very  marked  swaying.  These  could  be  avoided  if 
cantilevers  were  built  rigid  and  compact  with  a  view  to  minimum  deflec- 
tion. 

Can  it  be  maintained  that  economy  of  material  and  erection  are  the 
principal  things  to  be  considered  in  abridge  design  ?  If  so,  why  in  cer- 
tain cases  should  a  suspension  bridge,  carrying  merely  the  floor  without 
any  stiffening  frame,  not  be  the  most  desirable  bridge  on  the  score  of 
economy  of  material  and  ease  of  erection  ?  It  could  not  fall  down,  and 
its  curve  of  deflection  has  not  the  violent  angular  irregularities  of  the 
cantilever.  The  answer  must  be  that  it  would  not  be  rigid  enough. 
The  same  reason  holds  good  for  the  cantilever.  The  hinges  should 
not  be  pushed  out  too  far  from  the  supports  to  gain  an  improper  and  un* 
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important  eoonomy  of  material,  without  regard  to  the  impaired  usefol- 
neas  of  the  stractare.     It  is  a  perversion  of  a  useful  device. 

The  Forth  bridge  now  building  in  Sootlnod  should  not  be  taken  as 
an  example,  since  there  the  cantilevers  are  long  from  necessity,  and  com- 
pensated for  by  the  great  height  of  the  towers.  The  low  clear  head 
room  near  the  shores  is  a  feature  rarely  obtainable  over  large  navigable 
rivers. 

CONDITIONS  FOB  aOOD  DESiaNS. 

The  notion  that  the  highest  aim  of  the  bridge  engineer  should  be 
greatest  economy  of  material  and  low  cost  is  erroneous  and  liable  to  lead 
to  costly  mistakes.  It  is  as  difficult  to  formulate  rules  for  sound  judg- 
ment in  bridge  buildiDg  as  for  anything  else,  let  there  be  issued  ever  so 
many  extensive  and  complicated  specifications.  But  we  hold  that  the 
following  conditions  should  be  complied  with  in  the  design  for  a  bridge, 
particularly  for  a  large  bridge : — 

1.  Judicious  accommodation  to  local  conditions  of  shore  formation, 
of  foundation,  of  navigation  interests,  crossings,  approaches,  &c. 

2.  Rigidity  and  compactness  with  a  view  to  durability  under  high 
speeds  for  trains. 

3.  Simplicity  of  manufacture  and  erection. 

4.  Architectural  appearance  to  give  dignity  and  character  to  the 
structure. 

5.  Satisfying  all  the  above  conditions,  there  must  be  economy  of 
material  and  easy  erection  at  low  cost. 

There  are  few  large  bridges  in  this  country  in  which  all  these  con- 
ditions are  complied  with.  Mr.  Findlay  gives  prominence  only  to  the 
third  and  fifth  oonditioas,  probably  assuming  the  others  of  no  great 
interest.  It  has  become  the  rule  rather  than  the  exception  to  sacrifice 
eveijthing  to  so-called  eoonomy,  taken  to  be  the  lowest  possible  first  cost 
under  some  specifications.^ 

*A  refinement  in  dimensioning  of  bridge  members  is  affected  in  some  spe* 
cifications  under  the  pretence  of  scientific  economy  and  precision,  which 
gives  astonishing  and  absurd  results.  For  instance,  of  three  important  roads 
one  will  get  its  plate  girders  with  top  flange  heavier  than  the  bottom  flange* 
The  next  will  get  just  the  reverse,  and  the  third  will  have  both  flanges  alike. 
Yet  each  strenuously  maintains  that  he  is  right  and  the  others  wrong. 
Many  instances  of  such  senseless  differences  in  specifications  could  be  cited, 
all  of  which  goes  to  show  that  we  have  not  arrived  yet  at  the  point  where  we 
may  dispense  with  a  liberal  factor  of  ignorance. 
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Bigidity  is  oonsidered  as  only  an  iooidental  matter,  instead  of  a  car- 
dinal condition.     It  is  rarely  specified  or  insisted  upon.* 

Architectural  consideititions  are  not  only  neglected,  but  more  hideous 
looking  structures  it  would  be  difficult  to  design  on  purpose.  The 
economy  of  long  slender  cantilevers  is  of  as  little  account  as  the  economy 
of  inadequate  stififcning  trusseu  in  suspension  bridges.  In  both  cases 
travel  can  pass  over  with  safety  only  at  low  speeds. 

CANTILEVER  CONTINUOUS  QIBDERS. 

As  remarked  above,  the  advantages  of  economy  of  material  and  ereo- 
tioD  without  false  works  are  not  peculiar  to  the  cantilever  truss  among 
girder  bridges.  There  is  the  continuous  girder  proper,  which  has  been 
more  frequently  used  with  suocess  on  continental  railroads.  It  caUi 
likewise  be  erected  without  false  works  by  building  out  cantilever 
fashion,  where  necessary.  Where  the  foundations  are  «n  rock,  uneven 
settlements  of  the  supports  are  precluded,  and  the  first  condition 
favourable  to  that  type  of  girder  is  obtained. 

The  most  notable  instance  of  such  a  construction  is  the  Lachine 
bridge,  at  Montreal,  over  the  St.  Lawrence  River.  In  the  case  of  high 
metallic  towers,  which  cause  temperature  strains  in  continuous  girders, 
these  can  be  proportioned  for  them.  The  economy  of  eontinuous 
girders  has  been  frequently  disputed,  more  particularly  as  compared 
with  the  American  pin-connected  single  span  bridges,  but  such  com- 
parbons  have  been  based  on  arbitrary  assumptions. 

Most  of  the  utility  structures  in  this  country  with  which  these  rivet- 
ted  bridges  have  been  compared  have  already  been  rebuilt,  while  the  old 
continenul  lattice  girders  are  still  existing  in  as  good  condition  as  when 
tbey  were  builtf 


"  Of  the  importance  of  that  condition,  and  of  the  little  attention  paid  to  it^ 
there  are  many  instances.  To  name  only  one  there  is  the  Einzua  Viaduct  in 
Pennsylvania,  built  in  1883,  the  highest  iron  viaduct  in  the  world  (28«5  feet 
bigh>.  Its  construction  was  in  accordance  with  what  is  yet  considered  a 
▼ery  good  bridge-specification.  Still  the  great  structure  is  found  to  be  sway- 
ing so  much  under  trains,  at  4  miles  per  hour,  that  its  rebuilding  or  abandon- 
ment is  considered  a  question  pf  no  distant  time.  High  iron  towers  unless 
built  very  rigidly  are  subject  to  the  same  kind  of  swaying  from  lateral  forces 
as  cantilevers. 

In  this  connection  we  may  notice,  for  instance,  in  the  Forth  Bridge,  in 
Scotland,  the  bracing  of  the  tension  members  a  well  considered  feature  for 
rigidity  and  durability. 

t  On  some  important  railroads,  iron  bridges  have  been  rebuilt  two  and  three 
times  in  25  years,    ijach  time  an  advance  was  claimed  on  the  former  prac- 
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Gontinaoas  girders  are  usually  built  with  parallel  chords,  though 
their  chord  lines  can  be  varied  as  well,  and  for  very  long  spans  it  may 
be  an  advantage  to  increase  the  height  of  the  trusses  over  the  piers,  only 
one  of  which  could  be  provided  with  a  fix  bearing  for  the  truss.  The 
absence  of  expansion  joints  in  the  trusses  is  an  advantage  rather 
than  otherwise ;  it  is  conducive  to  stiffness  and  compactncHs,  and  it  is 
preferable  to  place  them  at  both  ends  of  the  structure,  hbged  or  not^ 
even  if  it  should  be  several  thousand  feet  long ;  as  witness  tlie  rigid 
Kentucky  Biver  bridge,  and  swaying  bridges  of  the  Nia^ra  type. 

CANTILBYBRS  WITHOUT  HINGES. 

The  objection  to  the  tedious  calculation  of  the  continuous  girder 
proper  is  of  little  importance,  as  compared  with  the  great  practical  ad- 
vantages gained,  where  the  local  conditions  are  suitable  for  the  type. 
But  there  is  one  kind  of  girder  which  offers  all  the  principal  advan- 
tages without  this  objection.  This  is  the  continuous  girder  with  fixed 
pier  moments  as  first  used  by  the  writer.  The  principle  of  this  girder 
is  bused  on  the  fact,  that  with  the  pier  moment  known,  all  other  stresses 
become  determinate.  'i'he«e  pier  moments  are  chosen  at  will,  for  the  best 
disposition  of  material  in  the  trusses,  and  they  are  constant.  The 
trusses  are  not  affected  by  the  uneven  settlement  of  the  piers  since  the 
pier  moment  can  automatically  adjust  itself  to  it. 

A  permanent  and  known  tension  in  tlie  top  chord,  or  a  permanent 
and  known  compreshion  in  the  bottom  chord  above  the  pier,  artificially 
produced  by  means  of  any  convenient  funicular  lever,  or  wedge  arrange, 
ment,  furnishes  the  desired  pier  moment  to  order,  as  it  were.  Usually 
it  will  correspond  to  the  dead  load  of  half  the  cantilevcred  truss,  but  it 
can  be  chosen  greater  if  de»ired.  The  calculation  is  made  on  statical 
principles.     To  the  cantilever  stresses  corresponding  to  the  chosen  pier 

tice.  On  the  other  hand,  there  are  5!ome  remarkable  instances  of  longevity 
in  the  old  iron  clone  meshed  lattice  bridges.  Perhaps  the  most  notable  one 
is  the  Allegheny  River  Bridge  ot  the  Pennsylvania  H.H.,  in  PittHburg^  about 
1100  feet  long  with  seven  through  spans,  about  160  feet  each,  three  trusses 
for  double  track  discontinuouH  girders,  built  in  1864,  and  of  rather  indifferent 
workmanship.  There  were  several  accidents  with  cars  and  locomotives 
off  the  track,  without  the  trusses  ever  giving  way.  It  has  outlasted  almost 
every  other  iron  bridge  of  the  same  age  on  the  road,  and  with  lew  repairs 
can  be  made  to  outlast  another  generation  of  iron  bridges.  The  idea  that 
the  heavier  rolling  stock  of  the  present  day  is  wearing  out  old  bridges  is 
here  disproven. 

It  would  be  heresy  now-a-days  to  propose  such  a  construction,  but  the  type 
is  capable  of  great  improvement,  and  it  certainly  makes  a  durable  bridge. 
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moment,  add  algebraioallj  the  live  load  streases  as  calculated  for  a  single 
span  truss.  Such  members  as  are  exposed  to  both  tension  and  oompies- 
sion  are  proportioned  only  for  the  strain  reqairing  the  larger  section, 
which  is  properly  assumed  to  include  the  section  for  the  opposite 
strain.^  But  the  rivetted  splices  in  the  chords  are  proportioned  for  the 
numerical  sum  of  both  stresses. 

It  will  be  understood  from  the  annexed  diagram,  Fig.  9,  that  the 
greatest  saving  of  material  is  again  in  the  chords.  As  the  left  half  of 
the  figure  represents  in  the  shaded  portion  the  amount  of  material 
needed  in  the  chords,  so  the  right  half  shaded  likewise  represents  the 
amount  and  distribution  of  material  in  the  chords  for  a  continuous 
girder  with  fixed  pier  moments,  which  for  brevity  may  be  named  the 
moment  girder. 

These  diagrams  are  made  on  the  assumption  of  a  uniform  distri- 
buted load  in  both  cases,  and  with  the  material  for  the  web-members 
unchanged.  Id  practice,  however,  the  material  for  the  web-members  of 
the  moment  girder  is  considerably  smaller,  because  of  the  smaller  dead 
weight  in  the  trusses;  and  this  dead  weight  is  not  uniformly  distributed 
but  is  greater  near  the  supports.  When  the  pier  moment  corresponds  to 
half  the  cantilevered  truss,  the  web  strains  from  dead  load  are  the  same 
as  if  there  were  no  pier  moments,  or  the  same  as  in  a  single  truss. 

In  this  there  is  an  economy  over  the  usual  continuous  girder,  in 
which  the  web  as  a  rule  will  be  heavier  than  in  single  girders,  so  that 
all  the  saving  is  from  the  lighter  chord  sections  alone.  The  saving  is 
thus  not  only  in  the  chords  but  in  the  web-members  also. 

An  illustration  of  the  economy  as  compared  with  the  usual  cantilever 
type  may  be  had  from  two  strain  sheets  hereby  annexed.  (PUtes 
V  and  Yl.) 

Fig.  I  is  the  strain  sheet  of  the  Niagara  Bridge,  thought  to  be  the 
most  economical  type  for  that  place.  (Schneider  on  cantilever  bridge, 
Trans.  Am.  Soo.  Civ.  Engrs.,  Yol.  XIY,  No.  317.) 

Fig.  II  is  the  strain  sheet  for  the  same  specifications  of  a  moment- 
girder.f     The  comparison  results  as  follows : — 

*  The  correctness  of  this  rule  has  been  disputed,  and  in  fact,  not  a  few 
Dridge  specifications  prescribe  the  adding  of  the  sections  for  alternate  strains 
That  this  view  based  on  Woehler's  experiments  for  quite  a  difierent  purpose 
is  wrong  for  strains  within  the  elastic  limit,  has  been  clearly  demonstrated 
bj  Mr.  Bricka  and  others. — (Annales  des  Fonts  et  ChaussSes,  1888.) 

t  The  writer  does  not  wish  to  be  understood  that  he  would  have  advo- 

'  cated  continuous  girders  for  this  place,  though  such  could  with  the  same 

facility  have  ibeen  erected  without  false  works.    Of  all  places  the  Niagara 
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The  Niagara  CaDtilever  Bridge,  as  built,  contains  2246  tons  of  steel 
and  iron.  2246  tons 

The  continuous  girder  with  fixed  pier  moment  1998     *^ 

Saving  248     « 

The  weight  of  the  floor  construction,  towers,  anchorages,  wind  and 
cross  bracing  are  the  same  in  both  designs.  The  saying,  therefore,  is 
all  in  the  girders,  and  amounts  to  over  12  per  cent,  of  the  total  weight 
of  metal  in  the  bridge.  The  comparative  weights  are  graphically  repr^ 
sented  in  Figs.  III.  and  lY,  so  as  to  show  the  difference  in  distribution 
of  the  weight  and  material. 

There  would  have  been  the  additional  advantage  with  moment  girders 
of  a  rigid  structure  for  fast  trains. 

The  calculated  deflection  of  the  girders  would  have  been  3^"  against 
8"  in  the  cantilever  bridge.  * 

A  comparison  with  other  like  cantilever  bridges  would  show  a  simi- 
lar great  economy  of  material,  as  well  as  a  more  rigid  structure.  The 
deflection  from  live  load  alone  of  a  moment  girder  is  the  same  as 
for  a  single  span  girder.  There  is  no  bending  upwards  as  in  the  shore 
arms  of  the  cantilevers,  or  as  in  the  u.sual  continuous  girders.  There 
is  greater  compactness  of  construction,  top  and  bottom  chords  being 
rigid. 

A  comparison  of  weights  for  a  540  ft.  continuous  girder  of  this 
system  with  a  discontinuous  girder,  both  calculated  for  the  same  speci- 
fications, is  here  given  as  taken  from  one  of  the  writer's  designs  Fig.  V. 
The  discontinuous  girder  is  assumed  to  have  a  height  equal  to  ^  the 
span,  while  the  height  of  the  moment  girder  is  only  at  1-10  the  span, 
on  account  of  the  flanking  spans. 

Total  weight  of  iron  and  steel  in  moment^irder  span  is      894  tons. 

For  the  discontinuous  girder  span  1085  *' 

Saving  191  « 

or  nearly  18  per  cent. 

Biver  chasm  was  the  place  for  an  arch  bridge.  Not  only  had  natare 
provided  the  abutments^  but  architectural  considerations  would  have  been 
better  satisfied  at  no  greater  coet  by  an  arch  bridge  somewhat  on  the  plan 
of  the  Garabit  Viaduct  in  France,  which  was  erected  without  false  works. 
It  woald,  however,  have  required  more  time  for  building,  which,  it  is 
nnden>tood,  was  the  main  consideration  for  the  choice  of  the  type  for 
the  Niagara  Bridge. 

:|e  It  was  found  necessary  to  reduce  the  speed  over  the  existing  structure 
OD  account  of  the  swaying,  to  nearly  the  same  slow  rate  as  over  Uoebling's 
old  suspension  bridge  near  by,  namely,  to  about  four  or  hre  miles  per  hour. 
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It  is  understood  that  oontionons  girden  are  properly  used  only  for 
three  or  more  coDBecntive  spans.  A  favorable  proportion  of  the  end  or 
flanking  spans  to  the  middle  spans  is  as  8  to  11,  but  the  saving,  oom« 
pared  with  sbgle  qpans,  is  very  decided  also  for  much  shorter  end  spana. 
Ab  an  instanoe  of  oandleyering  snoh  a  bridge,  the  annexed  photogra]^ 
will  be  of  interest  as  showing  one-half  of  the  30th  Street  Bridge  in 
Pittsburg  during  erection.  It  was  first  erected  on  false  works,  bnt 
these  were  swept  away  by  a  flood,  leaving  the  bridge  in  the  positicm 
shown,  with  one-half  of  the  middle  span  cantilevered  out.  It  saved  the 
middle  span.  The  pier  moments  are  produced  by  a  simple  funicular 
arrangement  in  the  top  chord  eyebars  above  the  piers,  weighted  down 
with  a  loaded  lever  under  the  floor.  It  is  readily  aooessible  for  inspeo- 
tion.    A  strain  diagram  is  on  the  annexed  sheet,  Fig.  YI. 

The  bridge  has  wooden  floor  beams.  The  total  weight  of  iron  in  all 
three  spans  is  322  tons,  not  including  the  heavy  iron  hand  railing. 
Under  the  same  specifications  for  discontinuous  girders,  the  weight 
would  have  been  430  tons,  shewing  a  saving  of  108  tons,  or  nearly  25 
per  cent.  The  bridge  is  so  rigid  and  compact  that  teams  are  permitted 
to  cross  it  with  trotting  horses.  This  could  not  have  been  the  ca«a 
for  discontinuous  girders,  except  by  making  them  stronger  for  heavier 
specifications. 

A  notable  application  of  this  system  of  continuous  girders  is  proposed 
for  the  Detroit  River  Bridge  at  Detroit,  Mich,  The  three  spans  over 
the  River  are  intended  to  be  800, 1100  and  800  feet  long  and  150  feet 
above  the  water.  The  middle  span  is  to  be  erected  by  cantilevering  with- 
out false  work.  The  calculations  and  estimates  made  show  a  most 
remarkable  saving  in  material,  as  compared  with  any  other  system  of 
bridging  under  the  given  conditions.  The  pier  moment  is  to  be  produced 
by  a  loaded  wedge  inserted  in  the  bottom  chord,  and  arranged  for  the 
small  movement  to  which  it  is  subject,  with  due  r^ard  for  the  friction 
and  the  consequent  small  variations  of  stresses.  These  variations  are  no 
greater  than  in  a  single  span  bridge,  in  which  the  length  of  the  bottom 
chords  for  instance  is  changing  under  stresS)  causing  a  movement  of  the 
roller  bearing,  the  friction  of  which  is  rarely  taken  into  account  in  the 
calculation  of  the  stresses. 

A  tentative  design  for  a  bridge  over  the  North  River  at  New  York 
City,  having  two  middle  spans  of  1400  feet  each,  with  the  same  system 
of  continuous  gbders,  agam  showed  in  comparison  with  other  truss 
designs  made  for  the  purpose,  the  same  great  advantages  and  economy. 
It  u  plain  that  neither  a  cantilever  on  the  middle  pier  nor  a  suspen- 
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sion  bridge  of  two  oonaeonliye  spans  could  in  this  case  be  contemplated 
for  heavy  concentrated  train  loads. 

The  continnons  girder  without  and  with  hinges  haye  this  in  common, 
that  a  Etc  load  on  one  span  affdcts  the  adjacent  spans.  Not  so  in  the 
moment  girder.  This  is  affected  in  the  same  manner  as  the  discon- 
tinnons  girder.  The  live  load  in  no  way  affects  the  adjacent  spans. 
That  with  the  advantage  of  a  statically  determinate  con-struction,  not 
affected  by  uneven  settlement  of  supports  (as  is  the  ordinary  continnons 
girder),  there  is  in  the  moment  girder  the  same  if  not  greater  economy 
as  with  the  former  type,  is  shown  by  a  comparison  in  a  strain  sheet 
hereby  annexed.  Fig.  YII.  It  is  for  that  combination  of  deck  and 
through  ^ns,  as  in  the  Lachine  Bridge  at  Montreal  by  the  late 
C.  Shaler  Smith,  and  as  published  on  the  subject.  (For  want  of  time 
C  Shaler's  strain  sheet  is  here  not  copied,  and  it  is  assumed  that  it 
is  in  the  hands  of  most  Bridge  Engineers.) 

An  estimate  of  weights  for  the  moment  girder  gives  82  tons  less 
weiisht,  namely,  2074  tons  for  the  continuous  girders  of  C.  Shaler 
Smith,  and  1 192  tons  for  the  moment  girders,  a  difference  of  aboui  4  per 
cent,  in  favor  of  moment  girders.  The  difference  would  be  somewhat 
greater,  if  the  dead  load  had  not  been  assumed  equally  disrributed 
(to  preserve  same  basis  for  comparison  on  assumed  data  with  C.  Shaler 
Smith's  design).  As  a  matter  of  fact,  the  greater  proportion  of  dead 
load  is  near  the  middle  three  of  the  five  supports  for  the  continuous 
girders.  The  curving  down  on  the  chords  at  the  middle  support 
makes  little  change  in  the  weight  of  metal,  though  it  saves  some 
masonry.  Pier  moment  for  such  construction  is  produced  by  a  simple 
wedge  arrangement  above  the  piers.  On  another  occasion  the  writer 
proposes  to  treat  of  this  type  more  fully. 

The  comparisons  are  made  merely  for  the  purpose  of  emphasising  the 
statement,  that  hinged  cantilever  bridges  forming  spans  are  neither 
more  economical  in  material  than  others,  nor  the  only  ones  that  can  be 
erected  without  false  works.  For  short  spans  they  must  be  rejected 
altogether.  Since  Mr.  Findlay  mentioned  these  features  as  the  most 
eonspicaous  advantages,  and  by  his  able  treatment  of  some  of  the  econo- 
mic conditions  for  designing  cantilevers  might  convey  the  impression 
that  they  are  of  greatest  importance,  the  writer  has  endeavored  to  point 
out  that  other  more  important  conditions  must  also  be  fulfilled  in  a 
good  bridge. 

Bridges  have  become  an  article  of  fabrication,  very  much  like  steel 
rails.     It  requires  no  skill  or  knowledge  of  the  art  on  the  partof  a  Bail- 
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road  EDgineer,  who,  a8  a  rule,  is  quite  able  to  select  such  bridge  as 
under  some  specificatioDs  be  can  buy  cheapest.  There  are  even  some 
roads  where  the  buying  of  bridges  is  done  by  the  purchasing  agent  of  all 
supplies  nearly  quite  as  welL  As  a  rule  the  road  will  in  this  way  get  a 
safe  bridge ;  whether  it  is  rigid  and  durable  or  not  is  apparently  a 
minor  question  for  roost  new  railroads ;  but  it  should  not  be  so  for  older 
and  conservative  roads,  or  in  the  case  of  large  and  important  structures. 

The  ugly  swaying  cantilever  bridge  of  the  present  day,  and  as  built 
in  this  country,  is  unfit  for  fast  trains  or  for  hard  usage,  and  should 
not  be  built  where  the  cost  is  so  high  as  to  put  early  rebuilding  out  of 
the  question. 

No  universal  rule  can  be  Uid  down  for  good  bridge  designs.  For 
the  present  method  of  bridge  letting  and  buying,  we  can  at  most  make 
specifications  to  prevent  unsafe  bridges.  In  the  competition  for  bridge 
work  in  vogue,  the  bridge  builders  cannot  be  blamed  for  a  rigorous 
interpretation  of  specifications,  and  the  structures  resulting  therefrom. 
The  interests  of  the  bridge  builder  and  the  bridge  user  are  not  identical. 
Still  the  builders  are  not  only  required  to  bid  for  the  manufacture  and 
erection  of  the  structure,  but  also  to  furnish  the  cheapest  design  under 
a  set  of  specifications,  which,  if  ihey  should  provide  for  everything  of 
advantage  or  necessity  in  a  good  bridge,  would  have  to  be  enlarged  to  the 
size  of  a  text  book.  It  has  been  found  already  to  be  a  doubtful  economy 
on  some  railroads,  and  it  is  probable  that  this  practice  will  change,  as 
our  experience  enlarges,  to  a  more  rational  and  satisfactory  method 
of  obtaining  durable  structures. 
Mr.  c,  Findiay.'  The  Writer  is  much  gratified  that  his  paper  has  elicited  such  a  valu- 
able discussion.  It  did  not  pretend  to  give  a  complete  account  of  the 
subject  from  any  point  of  view,  but  only  to  direct  the  attention  of  stu- 
dents to  some  of  its  noteworthy  features. 

He  had  no  intention  of  entering  upon  the  respective  merits  of  cantile- 
ver and  other  bridges.  This  is  a  very  large  question  as  to  which  a  super- 
ficial treatment  or  a  bare  expression  of  opinion  would  be  of  no  value, 
and  he  ought  to  have  assigned  as  one  of  the  reasons  for  building  canti- 
lever bridges  a  suppostd  economy  of  material,  instead  of  stating  that 
such  an  economy  could  be  realised,  for  the  sake  of  avoiding  a  statement 
open  to  question  which  he  had  not  space  to  give  his  full  reasons  for.  He 
thinks,  besides,  that  while  the  study  of  such  questions  is  of  the  utmost 
importance,  it  is  the  methods  that  are  valuable  rather  than  the  results. 
The  problem  of  the  engineer  is  not  to  build  a  bridge  between  any  two 
given  points  A  and  B,  as  in  the  books,  but  to  deal  with  a  particular 
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site,  nnder  specified  oonditioas ;  aod  ihe  ciroumstances  of  different  large 
bridges  yarj  so  much,  that  no  mathematical  investigation  can  possibly 
take  account  of  them  all.  The  writer's  own  view  is  that  on  such  im- 
portant questions  no  engineer  would  be  justified  in  practice  in  accepting 
a  conclusion  or  formula,  in  which  he  had  not  carefully  adapted  the  hypo* 
theses  and  proof  to  the  case  in  hand,  and  if  possible,  Terified  its  appli- 
cation by  actual  weights  taken  from  drawings. 

The  writer  is  unable  to  accept  Mr.  Bender's  limitation  of  the  defini- 
tiou  of  a  cantilever  bridge,  as  stated  by  the  writer.  The  difference  is 
simply  one  of  nomenclature.  The  importance  of  the  distinction  ha 
draws  between  two  classes  of  bridges  is  sufficiently  obvious,  but  it  is  not 
typical  and  should  not  affect  the  classification.  The  girders  of  the 
Victoria  Bridge  at  Montareal  would  still  be  called  '^  tubular  "  if  they 
had  been  built  over  dry  land,  and  in  the  same  way  a  cantilever  remains 
the  same  thing  and  should  be  described  by  the  same  name,  whether  its 
use  in  certain  cases  is  justifiable  or  not.  The  term  continuous  girder 
should,  in  the  writer's  opinion,  be  reserved  for  girders  which  are  con- 
tinuous over  3  or  more  piers,  that  is  to  say  for  those  whose  equilibrium 
is  statically  indeterminate,  and  which  require  the  application  of  the 
theory  of  elasticity  in  some  form  to  determine  the  stresses  in  them. 
This  would  be  more  consistent  with  ordinary  usage  than  Mr.  Bender's 
definition,  and  expresses  a  distinction  which  is  far  more  necessary  to 
emphasize  from  a  scientific  point  of  view.  A  continuous  girder  in 
which  the  continuity  has  been  destroyed  is,  in  the  writer's  opinion,  a 
oontradiction  in  terms. 

In  flpeaking  of  the  weight  of  anchorage  material  to  which  Kv. 
Bender  refers,  the  writer  used  the  phrase  to  indicate  only  the  weight 
necessary  to  resist  the  pull  of  the  guys  or  backstays.  In  considering  the 
most  economical  angle  for  the  backstays,  if  the  material  in  the  post  at 
the  abutment  on  which  the  backstay  presses  be  also  taken  into  account 
(as  he  admits  should  be  done),  then  the  depth  at  which  the  backstays 
terminate  becomes  an  element  in  the  question.  The  quantity  of  metal 
Becessary  is  only  independent  of  the  depth  of  the  cantilever  in  the  par- 
ticular case  when  the  backstay  terminates  on  the  horizontal  plane 
through  the  foot  of  the  post,  and  the  angle  given  by  Mr.  Bender  seems 
to  be  determined  for  the  same  particular  case.  The  confiiruration  of 
the  ground  and  the  nature  of  the  anchorage  will  never  be  alike  in  two 
cases,  and  must  be  taken  into  account  in  determining  the  most  advan- 
tageous arrangement.  The  same  remark  applies  to  Professor  Burr's 
question  as  to  the  proportion  of  the  shore  arm  of  a  cantilever    bridge 
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each  as  the  Niagara.  Correct  methoda  of  the  mathemntioal  iiiTeatigatioii 
of  these  qnesdoDs  are  iDdispensable,  bat  general  reaulta  should  he 
applied  with  cautioa  to  particalar  oases. 

Mr.  Bender  remarks:  ''That  he  fnlly  agrees  with  the  author  as  to 
the  importance  of  secondary  strains.  Bat  who  has  ever  undertaken  to 
calculate  them  for  a  bridge  with  cantilevers  of  varying  depths  ?  "  This 
seems  to  imply  that  the  writer  has  recommended  such  an  undertaking; 
but  he  did  not  mean  to  convey  any  such  idea,  and  will  briefly  explain 
again  the  line  of  his  a^ument  on  this  subject.  Secondary  stresses  iu 
a  girder  are  the  result  of  the  changes  of  figure  (or  *'  deformations/'  as 
he  has  called  them  for  brevity)  resulting  from  the  primary  stresses. 
The  task  of  cakmlating  the  secondary  stresses  is  too  formidable  to  be 
undertaken,  but  the  deformations  can  be  approximately  ascertained  by 
the  simple  graphic  process  described.  The  information  thus  available 
does  not  enable  the  secondary  stresses  to  be  numerically  determined,  but 
conveys  valuable  information  in  regard  to  them.  For  instance,  the 
marked  effect  of  varying  the  arrangement  of  web  members  without 
altering  the  booms  is  in  some  cases  most  striking,  and  the  joints  at  which 
secondary  stresses  will  become  most  severe  and  where,  therefore,  hinged 
connections  are  most  desirable  can  be  seen. 

The  formula  for  deflections  ^u.  I  a  given  by  ICr.  Daggan  is  neat  and 

convenient  in  form,  though  in  application  it  would  not  be  more  rapid 
than  the  equations  the  writer  has  given.  It  is  identical  with  those 
equations  except  for  ihe  web  members  of  a  cantilever  varying  in  depth, 
and  for  them  it  is  not  correct,  as  may  be  easily  seen  by  applying  it  to 
the  case  of  a  triangular  cantilever  whose  depth  at  the  end  vanishes. 

In  that  case  u  is  aero  for  all  the  web  members,  but  the  deflection  due 
to  strain  in  the  web  members  individually  is  not  lero.  It  may  have  a 
considerable  value  and  may  be  negative,  ve.,  the  effect  of  strain  in  some 
of  the  web  members  of  such  a  cantilever  taken  by  themselves  may  be  to 
raise  the  end  of  the  cantilever. 

It  is  perhaps  worth  mentioning  that  this  question  of  deflections  and 
secondary  stresses  assumes  greater  importance  from  the  increasing  use 
of  steel  in  place  of  iron,  and  with  it  higher  working  stresses.  The 
higher  coefficient  of  elasticity  of  steel  compensates  for  this  to  some 
extent,  but  by  no  means  entirely.  The  higher  primary  stresses  give  a 
larger  strain  (ek»ngation  or  compression)  of  each  member,  thereby 
causing  greater  general  deformation  of  the  figure  of  the  framework  and 
larger  secondary  stresses. 
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Mr*  Clarke  luu  oommented  on  the  method  proponed  by  the  author  for 
MoertaiDing  the  effect  on  the  weight  of  a  bridge  by  varying  the  propor- 
tioii  of  the  centre  span  to  that  of  the  cantilevers.  If  it  can  be  naed  for 
a  first  appTozimatton,  its  use  for  that  parpose  would  be  well  repaid, 
because  it  tells  a  great  deal  more  than  merely  what  proportion  gives 
the  abeolnte  minimum  of  weight.  It  will  show  the  effect  on  the  total 
weight  of  varying  the  length  of  the  centre  span,  over  the  whole  range 
Ibr  which  the  table  is  compiled,  and  as  there  are  generaUy  other  conside- 
rations to  be  regarded  besides  quantity  of  material,  this  information  may 
be  of  great  service.  To  make  complete  drawings  and  bills  of  quanti- 
ties for  so  many  designs  would  often  be  impossible  within  the  limits  of 
time  available.  Of  course  any  such  method  requires  to  be  applied  with 
great  judgment,  and  its  results  should  be  verified  by  comparison  with 
actual  weights  from  completed  designs.  If  such  a  comparison  were 
made  for  one  or  two  of  the  proportions  used  in  the  table  and  found 
satisfiictory,  the  rest  of  the  table  might  be  accepted  as  approximately 
correct ;  if  not^  the  source  of  error  in  compiling  the  table  should  be 
sought  for  by  comparing  its  elements  vrith  the  corresponding  actual 
quantities  and  the  requisite  corrections  made  throughout  the  table. 

One  correction  is  necessary  in  the  paper ;  the  method  of  connecting 
the  centre  span  of  the  Indus  Bridge  to  its  cantilevers  has  been  altered 
sboe  the  paper  was  written,  in  favour  of  a  plan  similar  to  that  recom- 
mended in  the  paper,  using  a  vertical  pin  on  the  centre  Ibe  of  the 
bridge  at  one  end  of  the  centre  span. 

Mr.  Bender  takes  exception  to  the  author's  advocacy  of  a  variable 
depth  in  a  cantilever  on  the  ground  of  economy.  Having  studied  the 
atgument  on  this  subject  in  his  book  with  Uie  care  it  deserves,  but 
without  being  convinced  by  it,  the  author  thinks  the  error  of  supposing 
that  a  uniform  depth  leads  to  the  greatest  economy  of  material  can  be 
shown  by  a  very  simple  reductio  ad  absurdum. 

Accepting  that  doctrine  for  the  sake  of  aigument,  let  it  be  supposed,  for 
the  sake  of  simplicity,  that  the  economical  depth  for  a  certain  type  of 
construction  is  in  a  simple  proportion  to  the  length  of  the  cantilever — 
Bay  ith.  Thus,  the  most  economical  cantilever  200  ft.  in  length  to  carry 
a  given  distributed  load,  and  also  a  given  concentrated  load  on  its  end 
would  be  of  a  uniform  depth  of  40  ft. 

Take  now  a  vertical  section  100  ft.  from  the  abutment,  and  consider 
only  the  portion  between  this  section  and  the  end.  This  portion  b  itself 
a  cantilever  100  ft.  long.  All  its  stresses  and  conditions  are  exactly 
the  same  as  if  it  rested  on  an  abutment,  instead  of  bebg  supported  by 
the  lemaming  portion  of  the  cantilever. 
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By  the  same  law  assamed  above,  therefore,  its  weight  would  be  re- 
duced by  dimiDLshin";  its  depth  from  40  ft.  to  20  ft.  which  is  ith  of  its 
length.  Applying  the  same  argument  to  each  portion  of  the  cantilever, 
we  see  that  the  assumption  of  a  uniform  depth  of  ^th  as  the  most  econo- 
mical, logically  leads  to  a  uniformly  varying  depth  of  1  to  5  as  the  more 
economical  still. 

Of  course  there  is  no  reason  to  suppose  that  the  greatest  theoretical 
economy  would  be  realized  by  making  the  depth  vary  with  the  length  in 
a  simple  ratio.  The  proper  depth,  if  ascertainable,  is  probably  a  more 
complicated  function,  depending  in  a  very  great  degree  on  the  type  of 
construction. 

Mr  Lindenthal  evidently  supposes  that  the  author  is  a  champion  of 
cantilever  brid.s;es  as  against  other  types  of  construction.  Nothing  can 
be  further  from  the  fact  In  three  out  of  the  four  instances  of  canti- 
lever bridges  quoted  as  illustrations,  a  very  fair  case  can  be  argued  for 
some  other  form  instead  of  the  cantilever.  Cantilever  bridges  are  un- 
doubtedly the  fashion,  and  the  author  was  asked  to  Ornish  some  notes  on 
their  design. 

He  started  therefore  by  supposing  it  had  been  decided  to  adopt  that 
type,  and  purposely  avoided  the  mach  larger  question,  which  can  only  be 
usefully  discussed  in  connection  with  a  specific  case  or  cases.  Mr.  Lin- 
denthal also  presumes  rather  harshly,  that  he  is  indifferent  to  every 
consideration  to  which  he  has  not  expressly  referred.  The  paper  might 
have  been  many  times  longer,  and  still  left  him  open  to  a  similar 
charge. 

In  most  of  Mr.  Lindenthal's  remarks  on  the  deflection  of  cantilevers 
he  concurs,  but  with  some  qualification.  A  cantilever  bridge  will 
undoubtedly  give  a  krger  deflection  in  most  cases  than  a  truss  bridge 
of  the  same  span,  but  it  does  not  necessarily  follow  that  it  makes  a  worse 
bridge  for  that.  Deflection  is  not  an  evil  in  itself,  however  large  it  be, 
but  it  may  be  either  an  indication  or  a  cause  of  over-stress  which  is  the 
evil  to  be  guarded  against.  To  determine  whether  deflection  is  inju- 
rious or  not  it  is  necessary  to  separate  the  statical  deflection  from  the 
dynamical  or  the  deflection  under  a  quiescent  load  from  that  due  to 
the  same  load  in  movement.  The  statical  deflection  is  or  ought  to  be 
that  which  corresponds  to  the  statical  stresses  for  which  the  bridge 
is  designed;  and  if  those  stresses  are  not  exceeded,  the  author  does 
not  see  what  evil  there  is  in  large  deflections  (within,  of  course, 
reasonable  limits).  With  dynamical  deflection  the  case  is  entirely 
different.  Its  probable  amount  cannot  be  foreseen  in  the  present 
tate    of    our  knowledge,  and  we.  know  very  little  aa  to  what  other 
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ill  effects  it  may  oanse  besides  the  additions  to  the  statical  stresses 
that  most  accompany  it.  It  depends  on  the  manner  of  application 
of  the  loads  as  well  as  on  the  character  of  the  bridge.  Its  importance 
has  been  recognised  ever  since  iron  bridges  have  been  built,  bnt  definite 
experimental  information  is  yery  scanty,  and  Professor  Robinson's 
paper  referred  to  by  Mr.  Lindenthal  is  a  most  valuable  contribution 
to  our  knowledge  of  the  subject.  Now  of  course  Mr.  Lindenthal 
knows  all  this  as  well  as  the  author,  but  the  latter  thinks  the  in- 
dictment against  cantilevers  is  too  sweeping,  because  he  does  not  in  his 
remarks  sufficiently  distinguish  between  the  statical  deflection  to  which 
they  are  undoubtedly  more  liable  than  other  types,  and  the  dyna- 
mical deflection  which  may  or  may  not  accompany  it  to  a  dangerous 
deigree.  It  does  not  follow  because  a  particular  cantilever  bridge  is 
subject  to  violent  oscillations  that  the  fault  is  inherent  in  the  system. 
There  are  other  cantilever  bridges  that  are  as  steady  as  any  truss  bridges 
The  relative  amounts  of  dead  and  live  load  are  important  factors  as 
Mr.  Lindenthal  says,  as  also  the  higher  or  lower  stress  per  square  inch 
allowed  in  the  members,  the  general  design  whether  tending  to  extreme 
lightness  or  otherwise,  and  other  circumstances  that  vary  from  bridge 
to  bridge.  In  Mr.  Lindeothars  main  contention  however,  that  where 
a  oantilcver  is  likely  to  give  an  unstable  springy  bridge,  it  is  for  most 
purposes  objectionable,  most  engineers  will  agree  with  him,  and  his  warn- 
ing against  the  neglect  of  rigidity  and  durability  is  perhaps  more  neces- 
aary  in  America  than  in  Europe.  In  England  our  errors  are  generally 
r^arded  aslj^ing  rather  in  the  opposite  direction. 

Mr.  Lindenthars  description  of  his  moment-girder,  as  he  calls  it,  is 
most  interesting  and,  to  the  author  at  least,  new.  It  has  obviously  great 
merits,  but  one's  first  impression  is  rather  to  shrink  from  making  the 
security  of  a  bridge  depend  on  a  mechanical  device  which  will  reqaire 
periodical  attention.  His  reference  to  expansion  rollers  is  scarcely  a 
happy  analogy,  because  if  all  the  bridges  provided  with  that  luxury  were 
dependent  for  safety  on  the  rollers  doing  their  duty,  there  would  be  a 
great  many  more  bridge  failures  than  there  are.  However,  Mr.  Linden- 
thal has,  no  doubt,  a  complete  answer  to  thisprma/ocM  objection  which 
he  must  have  fully  considered, 

Mr.  Whited's  observations  on  the  unwisdom  of  rivetting  a  straight  and 
curved  bar  together,  under  the  expectation  of  a  fair  division  of  stress 
between  them,  are  very  just  but  the  writer  can  scarcely  imagine  any 
engineer  adopting  such  a  course.  There  is  nothing  in  the  Sukkur  Bridge 
-wbieh  he  quotes,  designed  in  that  way,  all  the  main  members  of  that, 
structure,  so  far  as  the  writer  knows,  being  symmetrical  in  form. 
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THE  DEVELOPMENT  OF  THE  LOCOMOTIVE. 
By  T.  T.  VsRiroir  Smith,  M.  Cav.  Soo.  C.E. 

A  series  of  railway  artioles,  haye  recently  appeared,  in  a  leading 
magaiine,  which  have  been  decidedly  interesting  and  deservedly  popular, 
bat  they  contain  a  number  of  statements  which,  designed  to  please 
American  readers,  are  by  no  means  correct  in  fiust  or  generous  to  the 
engineers  of  other  nationalities.  Old  country  engineers  have  learned 
to  regard  railways  and  the  looomotiye,  especially  in  its  present  form, 
as  their  undisputed  inyention  and  introduction,  and  although  they 
are  not  so  inconsiderate  as  to  claim  every  individual  improvement,  yet 
they  consider  that  m  this  one  department  of  engineering,  the  gre^it 
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balk  of  the  evolation  of  the  present  railway  has  been  peculiarly 
Sritbh,  and  that  Americans  have  not  contributed  a  great  deal  to« 
wards  the  mechanical  and  scientific  triumph  that  we  now  see.  The 
first  number  of  these  papers  is  particularly  guilty  and  ungracious 
in  claiming  for  American  inventors  everything  valuable  and  impor* 
tant  that  has  been  found  out  '^  The  modem  railway/'  '<  was 
created  by  the  Stephensons  in  1830,  when  they  built  the  locomotive 
Kocket.  The  development  of  the  railway  sioce  is  due  to  the  develop- 
ment of  the  locomotive."  *'  The  earlier  locomotives  of  this  country 
modelled  after  the  Rocket^  weighed  five  or  six  tons^  and  could  draw 
on  a  level  about  40  tons.  Afler  the  American  improvements,  which 
we  shall  describe,  were  made,  our  engines  weighed  25  tons,  and  could 
draw  on  a  level  some  sixty  loaded  cars,  weighing  1,200  tons.  The 
Stephenson  type  once  fixed  has  remained  unchanged  (in  Europe),  except 
in  detail,  to  the  present  day."  "  When  we  come  to  the  United  States 
we  find  an  entirely  different  state  of  things.  The  key  to  the  evolution 
of  the  American  railway  is  the  contempt  for  authority  displayed  by  our 
engineers,  and  the  untrammelled  way  in  which  they  invented  and  ap- 
plied whatever  they  thought  would  answer  the  best  purpose,  regardless 
of  precedent."  •*  When  we  began  to  build  our  railways  in  1831,  we 
followed  English  patterns  for  a  short  time,  but  our  engineers  soon  saw 
that  unless  vital  changes  were  made,  our  money  would  not  hold  out, 
and  necessity  truly  became  the  mother  of  ioventicm.  The  first  and 
most  fur-seeing  invention  was  that  of  the  swivelling  truck,  which  enables 
the  engine  to  run  round  curves  of  almost  any  radius.  This  eoabled  us 
to  build  much  leas  expensive  lines  than  those  in  England,  for  we  could 
avoid  hills  and  other  obstacles.  The  swivelling  truck  was  first  sug- 
gested by  Horatio  Allen  for  the  South  Carolina  Bailway  in  1831 1 
bat  the  first  practical  use  of  it  was  made  upon  the  Mohawk  and  Hud- 
son Railroad  in  the  same  year.  It  is  said  to  have  been  invented  by 
John  B.  Jervis,  Chief  Engineer  of  that  road.  The  next  improvement 
was  the  equalising  beams  or  levers,  by  which  the  weight  of  the  engine 
is  always  borne  by  three  out  of  four  or  more  driving  wheels.  The 
original  imported  English  locimiotives  could  not  be  kept  on  the  rails  of 
rough  tracks."  "  Another  American  invention  is  the  switch-back,  by 
which  the  length  of  line  required  to  ease  the  gradient  is  obtained  by 
running  backwards  and  forwards  in  a  zigsag  course,  instead  of  going 
straight  up  the  mountain.  This  device  was  first  used  amongst  the  hills 
of  Pennsylvania  over  40  years  ago,  to  lower  cars  down  into  the  Nesque- 
honing  Valley."     Now  this  is  sufficient  to  shew  the  general  style  of 
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claiming  everything  that  has  led  up  to  the  present  development  of 
railways  for  American  engineers  only.  Excepting  to  the  Stephensons, 
not  one  particle  of  credit  is  hinted  at  as  belonging  to  anyone  else. 
Touching  however  the  American  invention  of  the  switch-back,  Mr.  Curtis 
Clarke's  claim  of  40  years'  use  in  Pennsylvania  is  not  sufficient.  In 
Tom  Moore's  Epicurean,  written  in  1800,  a  good  40  years  before 
that  again,  is  a  capital  description  of  the  switchback,  and  by  it  the 
pretty  priestess  of  the  Egyptian  temple  saves  the  life  of  her  lover* 
Tom  Moore  wrote  some  of  his  finest  poetry,  including  Lalla  Hookh 
and  the  Epicurean,  in  the  heart  of  the  lead  mining  district  of  Derby- 
shire, where  the  ''switch-back"  has  been  in  use  for  a  century,  as  a 
means  of  bringing  the  materials  to  the  smelting  works  in  the  valleys. 
All  that  American  engineers  invented  in  this  contrivance  was  the  name, 
and  as  for  some  of  the  other  claims  that  are  inferential ly  supposed  to 
have  evolved  the  American  locomotive  and  railway  from  the  primitive 
rudeness  of  the  English  original,  it  may  prove  that  the  improvements 
rest  upon  an  equally  poor  foundation. 

In  comparing  English  and  American  practice,  especially  in  the  earlier 
days  of  railways,  one  great  source  of  confusion  and  mistake,  made  by 
American  authors,  arises  from  the  fact  that  in  England  there  have  always 
been  two  distinct  classes  of  railway,  one  chartered  by  Act  of  Parliament 
the  affairs  canvassed  and  discussed  every  half  year,  and  all  their  pecu- 
liarities and  inventions  thoroughly  ventilated  by  the  papers  and  in  other 
ways,  whilst  the  others  are  strictly  private,  their  proceedings,  ezperi. 
ments  and  practices  utterly  unknown  to  the  public,  and  but  seldom 
finding  their  way  into  the  public  press.  Yet  these  "  private  "  railways 
preceded  the  public  lines  by  years;  until  quite  recently  even  their 
mileage  was  in  excess  of  the  public  lines,  and  almost  every  important 
invention  that  has  led  to  the  result  of  the  modem  locomotive  and  the 
existing  railway  was  invented,  tested  and  developed  on  the  private  rail- 
ways of  Oreat  Britain  years  before  there  was  a  mile  of  railway  in 
America.  The  double  trucked  car  for  instance,  which  in  the 
magazine  is  claimed  as  the  invention  of  Ross  Winans,  was  in  use 
for  carrying  timber  and  long  stuff  before  there  was  a  road  in 
America  at  all ;  and  the  passenger  car  out  of  which  Mr.  Huskisson 
descended  to  meet  his  death,  on  the  memorable  day  that  preceded 
the  opening  of  the  Liverpool  and  Manchester  railway,  was  a  double 
truck  car  much  as  we  now  see  them,  and  what  was  more,  it  had  seats 
with  reversible  backs,  such  as  are  now  universal  in  America,  though 
they  were  never  commonly  used  in  England.    This  identical  car  was 
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only  used  on  the  Liverpool  and  Manchester  for  a  short  time,  and  was 
subsequently  sold  to  the  Newcastle  and  North  Shields,  where  numbera 
may  still  remember  it  as  being  occasionally  used  on  the  Sunday  trains. 
The  early  history  of  railways  begins  altogether  with  the  private  un- 
ehartered  roads  of  Great  Britain,  for  although  a  railway  company  was 
chartered  in  the  last  century,  and  the  first  public  railway  that  wa9 
actually  constructed  dates  from  the  first  year  of  the  Nineteenth  Cen- 
tury, all  these  early  public  roads  were  worked  by  horses,  and  contributed 
nothing  of  either  scientific  or  mechanical  interest  until  the  Stockton  and 
Darlington  of  1825.  During  this  quarter  of  a  century,  however,  the 
private  roads  had  solved  most  of  the  important  mechanical  questions 
upon  which  all  the  subsequent  evolution  of  railways  depends.  Although 
the  Mag.  article  speaks  disparagingly  of  the  results  of  all  the  experi- 
ments and  investigations  prior  to  the  era  of  the  Rocket,  there  were 
but  few  important  points  in  railway  practice  unsolved  at  the  date  of 
the  Eainhill  experiments,  either  in  the  construction  of  the  railway  or 
of  the  locomotive.  Since  1812  locomotives  had  been  in  constant  daily 
use  on  a  number  of  private  railways,  and  these  lines  had  been  con- 
structed and  were  being  worked  with  just  as  rigid  a  regard  to  economy, 
and  with  as  successM  a  record  for  economical  work,  as  any  of  those 
sobsequently  laid  down.  The  old  Stockton  and  Darlington  was  laid 
out,  not  only  with  a  strict  regard  to  economy,  but  so  as  to  make  it  the 
best  and  most  perfect  road  that  could  be  obtained  between  its  termini, 
and  it  remains,  to  this  day,  as  complete  and  finished  a  line  as  can  be 
produced,  nor  is  there  in  existence,  as  far  as  the  author  knows,  any- 
thing very  much  superior  to  (he  old  Quakers  road,  finished  five  years 
before  there  was  a  railway  of  any  kind  in  America.  Even  the  latest 
improvement  introduced  on  the  New  York  Central,  for  the  advancement 
and  recreation  of  their  employees,  might  with  advantage,  take  a  leaf 
from  the  experience  of  the  Stockton  and  Darlington  40  years  since, 
on  the  management  of  the  railway  employees*  reading,  coffee  and 
recreation  rooms,  which  were  the  first  to  be  introduced  and  are  still 
perhaps  the  most  successfully  managed  on  this  good  old  railway. 

From  Woods*  "Treatise  on  Railways,''  the  first  edition  of  which  was 
published  in  1825,  we  learn  that  the  date  of  the  introduction  of  railways 
into  the  Newcastle  district  was  between  the  years  1602  and  1649. 
These  were  entirely  of  timber.  In  1738  cast  iron  rails  were  sub- 
stituted for  the  upper  stringer,  which  was  made  of  hardwood  and 
took  the  wear  of  the  wheels.  In  1747  the  Colebrookdale  Company 
replaced  their  wooden  rails  with  cast-iron,  and  iron  wheels  were  intro- 
duced in  1753.    Tramplates  of  the  section  used  by  Outram  had  been 
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in  use  before  his  day,  being  first  laid,  it  is  supposed,  on  the  Duke  of  Nor- 
folk's railway  near  Sheffield  in  1776,   and  the  original  shape  was  im- 
proved  upon  on  the  Surrey  tramway,  which  has  the  honor  of  being  the 
first  public  railway  built  under  an  Act  of  Parliament.     This  pioneer 
railway,  which  obtained  its  Act  in  1801,  extended  from  the  Thames  at 
Wandsworth,  to  Mersham  and  Reigate,  being,  with  branches,  28  miles  in 
length,  and  was  subsequently  sold  to  the  Brighton  Company  and  torn 
up.     In  1793,  Outram,  from  whom  the  tramway  takes  its  name,  laid 
down  a  number  of  tramways  in  Derbyshire,  and  introduced  the  stone 
blocks  under  the  ends  of  the  tramplates,  which  for  a  time  displaced  the 
former  wooden  sleepers,  and  were  used  by  the  Stephensons  and  others  in 
all  the  early  railways.   The  first  edge  railway,  which  is  the  parent  of  our 
present  railway,  was  laid  in  1801,  for  the  conveyance  of  slate  from  Lord 
Penrhyn's  quarries  in  North  Wales,  and  within  a  few  years  all  the 
Northumberland  and  Durham  collieries  adopted  this  improvement,  and 
the  railway  superseded  the  tramway  for  ever.     In  1789,  Mr.  Jessop 
constructed  the  public  railway  at  Loughborough  with  cast  iron  rails  of 
much  the  same  pattern  as  those  now  used,  and  put  flanged  cast  iron 
wheels  on  the  carriages.    The  normal  difference  between  a  tramway  and 
a  railway,  as  then  understood,  was  that  on  the  latter  the  flange  which 
guided  the  waggon  on  the  track,  was  cast  upon  the  tramplate,  whilst  on 
the  edge  railway,  as  it  was  then  called,  the  flange  was  upon  the  wheel. 
The  advantage  that  the  tramway  undoubtedly  possessed  was  that  the 
plain  faced  wheel  could  be  used  off  the  plates,  and  might  run  over  planks 
or  hard  ground,  or  into  a  quarry,  where  there  would  be  no  necessity  for 
laying  down  a  plate.    Section-men  on  the  English  railways,  especially 
in  the  old  mining  districts,  are  still  called  ^'  plate  layers,"  a  memento  of 
their  original  employment.     In  1805  a  great  improvement  was  made 
when  the  Walbottle  Colliery  introduced  malleable  iron  rails,  although 
these  were  expensive  and  were  only  made  in  two  feet  lengths.     In  1808 
Mr.  Thompson  put  down  wrought  iron  rails  of  an  improved  section  at 
Tyndale  Fell,  near  Carlisle,  and  from  that  date  this  class  of  road  became 
common  round  the  Newcastle  collieries.     The  next  important  improve- 
ment was  made  in  1820,  when  the  Bedlington  Iron  Works .  took  up 
Birkenshaw^s  patent,  and  produced  a  wrought  iron  rail  15  feet  long,  with 
a  deepened  flange  between  each  sleeper  to  strengthen  the  unsupported 
portion  of  the  rail.     These  fish-bellied  rails  were  common  till  long  after 
the  Liverpool  and  Manchester,  on  which  they  were  exclusively  used,  was 
in  successful  operation,  and  were  the  most  important  improvement  yet 
introduced,  linking  the  old  waggon  way  to  the  modem  railway.     The 


Vernon  Smith  on  Development  of  Locomotive.       115 

Toads,  therefore,  upon  which  Blaokett^  Blenkinsopp  and  Stephenson 
first  introduced  locomotives  were  not  widely  difiereot  from  those  to 
which  we  are  now  accustomed. 

The  first  practical  locomotive  was  undoubtedly  Trevithick's,  which 
was  placed  upon  the  Merthyr  tramway  in  1803.  There  was  noth- 
ing in  this  engine  to  prevent  its  being  as  great  a  success  as  Blenkin- 
«opp*s  or  Stephenson's  a  few  years  later,  but  it  failed  from  the  road  being 
too  weak  to  carry  it,  and  from  want  of  adhesion.  The  wheels  slipped 
round  without  propelling  the  machine,  precisely  as  in  the  same  district 
two  of  Sharpe's  finest  engines  afterwards  failed,  and  for  the  same  reason 
the  old  shape  of  the  tramplates  held  the  mud  and  water,  and  were  always 
excessively  dirty.  Had  Trevithick's  engine  been  tried  on  a  railway 
instead  of  a  tramway,  we  should  never  have  heard  of  that  bug-bear, 
want  of  adhesion,  which  frightened  all  the  early  engineers.  To  obviate 
this  supposed  difficulty,  Mr.  Blenkinsopp  of  the  Middleton  Colliery,  near 
Leeds,  in  1811,  took  up  one  side  of  his  railway,  and  substituted  for  the 
rails  that  had  been  formerly  used  others  with  large  cogs  cast  upon  the 
outward  edge.  These  cogs  were  six  inches  from  centre  to  centre,  so  that 
there  were  six  of  them  upon  each  three  feet  length  of  rail.  His  engines 
were  modelled  after  Trevithick's,  and  in  August,  1812,  commenced 
regular  working.  The  fact  that  they  did  all  the  work  on  the  railway 
for  five  or  six  years,  and  long  after  Stephenson's  engines  had  settled  the 
question  of  adhesion,  is  sufficient  proof  that  they  were  a  success.  To 
Stephenson's  first  engine  in  1814,  belongs  the  very  great  honor  of  being 
the  machine  that  set  at  rest  this  vexed  question  of  adhesion,  or  whether 
the  engine  could  propel  itself  on  the  rails  and  do  any  appreciable  work 
-without  some  other  contrivance  than  a  dependence  upon  its  own  weight. 
There  was  nothing  in  the  engine  itself  that  was  widely  different  from 
Trevithick's  or  Blenkinsopp's  engines,  yet  one  had  failed  and  the  other  had 
avoided  the  great  difficulty.  Stephenson  could  give  no  reason  for  his 
faith,  but  he  had  made  some  experiments  on  friction,  and  with  his  bosom 
friend,  William  Hutchinson,  spent  a  very  anxious  night  in  a  private 
trial  of  the  engine  before  her  public  exhibition  and  trial  on  the  following 
day,  July  25th,  1814,  when  Lord  Ravensworth,  (who  had  found  the 
money  to  build  the  engine,)  the  Brandlings  and  other  leading  coal  owners 
were  invited  to  be  present.  This  engine  settled  this  one  important  ques- 
tion, on  which  more  than  anything  else  the  modern  locomotive  rests  for 
its  utility.  The  next  year,  1815,  and  on  the  same  railway  the  second 
great  discovery  was  made  almost  by  accident  on  another  of  George 
Stephenson's  engines.     Hitherto  the  locomotive  engines  had  exhavfited 
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their  waste  steam  into  the  open  air,  and  on  a  neighboring  railway, 
Mr.  Blackett's  engine  had  got  the  name  of  Faffing  Billy,  and  frightened 
the  horses  and  cattle  for  a  mile  away.  In  Stephenson's  second  engine 
the  exhaust  pipes  were  turned  into  the  chimney,  and  a  wonderfully 
improved  effect  in  its  steam-raising  properties  was  at  once  found. 
Stephenson  constructed  a  number  of  locomotives  aflber  this  at  Ealling- 
worth,  each  embodying  some  improvement  over  its  predecessor,  and 
that  these  engines  were  not  so  very  much  behind  more  modem 
examples  is  shown  by  the  fact  that  one  of  them,  built  for  the  Kilmar- 
nock and  Troon  Railway,  in  1817,  worked  continuously  until  1848, 
when  it  was  broken  up. 

In  1822,  the  Hetton  Railway,  the  first  for  which  Oeorge  Stephenson 
acted  as  engineer,  was  opened  with  six  of  his  locomotives  built  &t 
the  Killingworth  shops.  This  was  a  private  railway  belonging  to 
the  Hetton  Colliery,  but  was  far  in  advance  of  any  previous  road  in 
its  character  and  details.  It  had  wrought  iron  rails,  and  for  20  years 
afterwards  no  important  change  was  made  either  in  the  road  or  the 
locomotives,  which  all  remained  very  much  as  Stephenson  left  them, 
when  he  transferred  his  services  as  engineer  from  the  Hetton  Company 
to  the  Stockton  and  Darlington.  This  was  a  public  railway  constructed 
under  an  Act  of  Parliament,  and  the  first  important  line  that  had  been  so 
constructed ;  for  although  24  raDways  had  obtained  charters  before  the 
Stockton  and  Darlington,  and  were  most  of  them  in  operation,  none 
of  them  were  equal  in  importance  or  character  to  the  road  now  under 
construction  by  the  Quaker  coal  proprietors  of  Darlington.  On  the 
27th  September,  1825,  this  railway  was  opened,  was  then  and  has  been 
ever  since  a  model  road.  It  attracted  an  immense  deal  of  public  atten- 
tion, and  produced  in  fact  a  sort  of  a  railway  mania.  Scores  of  Acts  of 
incorporation  were  applied  for,  and  of  these  21  roads  were  completed 
within  the  next  few  years.  Thus,  1825  is  reaUy  the  date  from  which 
British  railway  construction  may  be  said  to  commence.  Of  the  roads 
chartered  in  that  year,  the  Monkland  and  Kirkintilloch,  opened  in  1827, 
the  Canterbury  and  Whitstable,  and  the  Cromford  and  High  Peak, 
opened  early  in  1830,  the  Leicester  and  Swannington,  on  which  was  a 
tunnel  1^  miles  long,  and  the  Liverpool  and  Manchester,  opened 
in  September  1830,  the  Dundee  and  !Newtyle,  Bolton  and  Leigh  and 
the  Glasgow  and  Gamkirk,  opened  early  in  1831,  were  all  roads  on 
which  the  work  was  of  a  superior  character  and  all  aided  in  the  devel- 
opment of  the  modem  railway.  As  each  of  these  roads  was  designed 
for  locomotives,  the  question  of  supplying  the  necessary  machinery 
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^as  pressing,  and  so  in  1824  the  great  locomotive  works  of  Ste- 
phenson were  commenced,  the  parties  finding  the  money  for  the  Stock- 
ton and  Darlington  heing  the  original  proprietors.  Nos.  1,  2  and  3  at 
the  Forth  Works,  Newcastle,  turned  oat  early  in  1825,  were  the  same 
numbers  on  the  Stockton  and  Darlington,  and  No.  1,  the  old  ''Locomo- 
tion," is  the  engine  that  now  stands  on  a  pedestal  in  front  of  the  railway 
station  at  Darlington.  Amongst  the  first  engines  built  at  Newcastle 
were  locomotives  for  the  Wylam,  Bedlington  and  Clarence,  private  rail- 
ways, the  Stanhope  and  Tyne,  Olasgow  and  Gamkirk,  Dundee  and 
Newtyle,  and  Canterbury  and  Whitstable  Eailways.  In  1828  the  first 
•engine  with  inside  horizontal  cylinders^  the  ''Twin  Sisters,*'  was  designed 
at  the  Newcastle  works,  and  although  subsequently  built  with  vertical 
cylinders,  gave  the  idea  of  the  better  arrangement  from  which  she  was 
named.  This  marked  a  great  improvement  in  the  locomotive,  which 
though  departed  from  in  the  Eocket,  built  the  next  year  for  the 
Liverpool  and  Manchester  experiments,  was  re-adopted  on  all  the  other 
engines  for  that  line,  and  subsequently  became,  in  the  Planet  class,  the 
standard  Stephenson  locomotive.  The  Eocket  was  No.  19  at  the  Stephen- 
son works,  and  the  important  improvement  that  it  introduced  was  the 
multitubular  boiler,  the  original  suggestion  for  which  was  made  by 
Mr.  Booth,  secretary  of  the  Liverpool  and  Manchester.  Though  the 
same  idea  had  previously  been  patented  in  France,  the  Rocket  was 
undoubtedly  the  first  engine  built  on  that  principle.  This  engine, 
constructed  expressly  to  compete  for  the  premium  offered  by  the 
Liverpool  and  Manchester  Bailway,  was  finished  early  in  1829,  and 
on  its  completion  was  taken  to  KiUingwortb,  and  there  tried  on  the 
same  railway  that  had  witnessed  so  many  of  the  early  triumphs  of 
the  locomotive.  But  Mr.  Clarke  is  not  correct  when  he  speaks  of 
the  Bocket  as  being  the  type  of  a  class.  It  was  totally  unlike,  in 
arrangement  and  details,  any  other  engine  either  previously  or  sub- 
sequently built,  and  the  works  at  Newcastle  completely  revolutionized 
tdl  their  ideas  before  the  second  engine  was  produced  for  the  Liver- 
pool and  Manchester.  The  faults  of  the  Bocket  were  apparent  from 
the  first  day.  The  glory  of  being  the  prize  wmner  in  the  first 
looomotive  contest  was  tarnished  the  next  year  by  its  being  the  engine 
ihat  killed  Huskisson,  the  member  for  Liverpool,  and  one  of  the 
warmest  supporters  of  the  railway.  It  was  not  long  employed  on  the 
Liverpool  and  Manchester,  being  too  light  for  the  work,  and  in  1831, 
was  sold  to  Mr.  Thompson  of  Kirkhouse  near  Carlisle,  where  it  once 
ran  at  the  rate  of  nearly  fifty  miles  an  hour,  with  the  news  of  the  suc^ 
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cefisfiil  winner  of  the  Carlisle  election.  Subseqnentlj  bought  by  tha 
Government  for  the  Kensington  Moseam ;  ifc  now  commands  attention 
as  having  largely  contributed  to  the  success  of  the  railway  system,  and 
the  evolution  of  the  locomotive.  After  the  Rainhill  competition,  the 
Newcastle  shops  were  busy  with  the  engines  for  the  Liverpool  and  Man- 
chester, and  for  the  other  lines  that  opened  about  the  same  time.  The 
type  of  engine  selected  was  an  inside  horizontal  cylinder  engine,  with  a. 
heavy  outside  frame,  with  outside  bearmgs  on  the  axle,  and  so  pressed 
were  they  with  the  accumulation  of  work,  that  only  seven  of  the 
new  engines  were  placed  on  the  Liverpool  and  Manchester  in  time  for 
the  opening.  Of  these  the  Meteor,  Comet,  Dart  and  Arrow  had 
10-in.  X  16-in.  cylinders,  the  last  named  being  the  first  engine  that 
crossed  Chat  Moss  and  made  the  continuous  run  from  Manchester 
to  Liverpool.  The  other  three  engines,  the  Phoenix,  North  Star  and 
Northumbrian,  with  11-in.  x  16-in  cylinders,  were  delivered  just  before 
the  opening.  On  that  occasion  the  Northumbrian  was  driven  by 
George  Stephenson  himself,  and  after  the  accident  to  Mr.  Huskisson, 
took  the  dying  statesman  to  his  home,  15  miles,  in  25  minutes.  AH 
these  engines  were  soon  found  to  have  grave  defects,  they  were  too  small 
for  the  trains  and  for  speed  they  were  rough  and  unsteady.  A  new 
design  was  now  adopted  with  larger  cylinders  and  longer  bearing  upon 
the  road,  and  the  works  at  Newcastle  were  pushed  night  and  day  to  tura 
out  locomotives  fast  enough.  The  Planet,  Majestic,  Mercury,  and  five 
others  were  got  out  early  in  the  following  year,  1831,  and  ten  others,  all 
of  the  Planet  class,  were  delivered  at  Liverpool  before  the  end  of  the 
year  or  early  in  1832.  Other  builders  were  now  in  the  field,  and 
Stephenson  built  but  few  engines  for  the  Liverpool  and  Manchester 
after  this.  Amongst  others,  Bury*s  works  started  in  Liverpool  in  1831» 
and  it  was  his  class  of  locomotive,  and  not  Stephenson's,  from  which 
Norris,  Baldwin  and  others  in  America  principally  took  their  ideas. 

As  the  invention  of  the  truck  is  claimed  almost  universally  for 
America,  and  as  it  has  subsequently  become  a  prominent  feature  in 
American  locomotives,  it  may  be  as  well  to  place  on  record  a  few  facts, 
that  at  least  go  to  prove  that  the  Newcastle  shops  had  something  to  da 
with  the  invention.  Horatio  Allen  was  sent  to  England  by  the  Dela- 
ware and  Hudson  Canal  Co.,  in  the  fall  of  1828,  to  examine  the  Eng- 
lish railways,  and  with  instructions  to  order  two  or  three  locomotives. 

He  found  Stephenson's  works  crowded  with  work  and  unable  to  take 
his  order,  so  that  it  was  finally  placed  with  Forster  and  Eastrick.  The 
**  Stourbridge  Lion,"   the  first  of  the   locomotives,   was  delivered   in 
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May  1829,  and  was  probably  the  first  locomotive  ever  seen  in  America. 
It  was  intended  that  ihis  engine  should  open  the  railway  to  the  mines 
on  the  4th  of  Jnly,  bat  the  locomotive  did  not  arrive  till  the  23rd9  and 
was  tried  on  the  1st  of  August.      The  engine,  which  was  of  the  Killing. 
worth  type  with  two  flues,  was  a  perfect  success,  but  the  road,  of  hem- 
lock longitudinals  8  in.x  10  in.  and  a  strap  rail,  spiked  down  to  cross  sleep, 
era,  10  feet  apart,  was  too  light  to  carry  the  weight,  and  as  the  expense  of 
altering  it  was  deemed  too  much,  the  engine  was  housed  in  a  shanty  for 
some  years.     The  boiler  was  afterwards  set  to  work  at  Carbondale,  and 
the  rest  of  the  machineiy  was  never  used.    The  second  engine  was 
probably  never  set  to  work,  at  all  events,  as  a  locomotive.     The  first 
English  engine  that  was  actually  worked  in  America  was  the  Bobert 
Fulton,  built  by  Robert  Stephenson  &  Co.,  and  the  drawings  which 
accompanied  it  were  dated  July  4th,  1831.     In  the  winter  of  1832-3 
this  engine,  which  was  of  the  Planet  class,  was  altered  and  fitted  with 
a  truck  similar  to  the  Experiment  engine  then  on  the  Hudson  and 
Mohawk  Railway,  under  the  direction  of  J.  B.  Jervis,  and  re-christened 
the  John  Bull.     It  is  probably  this  incident,  that  has  led  to  an  error, 
in  attributing  to  Mr.  Jervis  tlie  invention  of  the  truck.     In  looking  over 
the  old  drawings  in  Stephenson^s  office,  there  is  a  difficulty  in  tracing 
the  consecutive  numbers,  from  the  fact  that  in  some  cases  the  railway,  or 
party  ordering  the  engine,  is  put  in  place  of  the  number  on  the  drawings. 
Some  of  the  locomotives  were  thus  built  to  numbers  and  some  to  names, 
but  the  presumption  is  that  the  numbers,  where  traceable,  are  consecu- 
tive.    The  Rocket,  as  before  stated,  was  No.  19  and  was  built  in  1829. 
The  engine  for  America  referred  to  above  has  on  the  drawings  '^  Stevens, 
New  York,"  built  in  1831.     In  the  same  year  No.  31  for  the  Stanhope 
and  Tyne,  No.  36  for  the  Leicester  and  Swannington — the  first  6  wheel 
connected  engine — and  No.  37,  a  similar  engine  sent  to  the  Liverpool 
and  Manchester,  "are  so  marked.     The  next  number,  still  in  1831,  is 
No.  42,  ordered  by  the  Saratoga  and  Schenectady  Railway,  an  engine 
with  9"  X 14"  cylinders,  one  pair  of  4',  5"  driving  wheels,  and  a  truck 
with  4  wheels  2'.  8"  diameter.     In  the  same  year  is  an  engine  but  with- 
out a  number  for  the  Hudson  and  Mohawk  with  10"  x  14"  cylinders,  with 
4  coupled  wheels  4'.  0"  diameter.     In  1832,  No.  52  is  simply  marked 
United  States,  and  was  a  Planet  engine  with  a  single  pair  of  drivers  5'.  0" 
diameter.     No.  61  and  Brother  Jonathan  in  the  same  year  were  track 
engines  built  for  the  Hudson  and  Mohawk,  and  so  was  No.  75  for  the 
Saratoga  and  Schenectady,  all  three  being  10"x  16"  engines,  with  4  truck 
wheels  2'.   8"  in  diameter.     In  1833,  three  engines  were  built  for  the 
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Newcastle  and  Frenohtown  Bailway  of  the  Comet  class  with  4  coupled 
wheels.  They  were  named  the  Delaware,  Maryland  and  Pennsylvania, 
and  have  no  shop  number  marked  on  the  drawings.  The  same  year 
three  engines  appear  to  have  been  built  for  the  Charleston  and  Columbia, 
the  W.  Aitken,  the  Edgefield  and  No.  99,  and  in  1834,  three  bogy  or 
truck  engines  Nos.  104, 105, 106,  were  built  for  **  Pennsylvania,"  so  that 
from  the  meagre  records  left,  there  are  in  these  four  years,  the  working 
drawings  of  sixteen  locomotives  built  by  Robert  Stephenson  &  Co.,  for  the 
United  States,  of  which  seven  were  truck  engines.  There  were  other 
engines  built  by  Stephenson  for  the  States,  but  the  drawing  office  records 
do  not  show  their  numbers,  as  the  Planet  and  Comet  classes,  the  first 
with  single  drivers  and  the  other  coupled,  were  sent  out  without  comment 
when  similar  engines  to  these  were  wanted.  For  instance,  two  were 
shipped  to  the  Bangor  and  Oldtown  Railway  in  Maine  about  1836,  but 
there  is  no  number  or  other  record  of  these  than  the  fact  that  they  were 
shipped.  The  Hudson  and  Mohawk  Railway  was  opened  September, 
1831,  and  some  time  after,  but  probably  before  the  end  of  the  year,  a 
locomotive  called  the  De  Witt  Clinton,  built  at  West  Point  Foundry, 
was  put  upon  the  line,  being  the  second  locomotive  built  in  America, 
the  first  having  been  put  on  the  South  Carolina  Railway  in  1830  and 
having  exploded  the  next  year.  Both  were  four  wheel  engines.  In 
Appleton's  Encyclopedia  we  are  told  that  in  August,  1832,  an  engine 
called  the  Experiment  was  placed  on  the  Hudson  and  Mohawk  with  four 
swivelling  wheels,  built  by  Adam  Hall  of  the  West  Point  Foundry. 
Now  putting  all  these  stories  together,  it  seems  that  in  1831,  Stephen- 
son's No.  42,  the  first  locomotive  with  the  four  wheel  truck  was  put 
upon  the  Schenectady  road,  and  at  the  same  time  Stephenson  sent  an 
engine  of  the  Planet  class  to  the  Hudson  and  Mohawk,  which  two 
jears  after,  was  called  the  John  Bull.  In  1832,  Stephenson  sent  two 
engines  to  the  Hudson  and  Mohawk  and  another  to  the  Schenectady 
line  all  with  the  truck.  In  August  of  that  year  the  West  Point  Foun- 
dry put  on  their  Experiment,  probably  a  copy  of  the  Stephenson  engines, 
and  during  the  following  winter,  the  Stephenson  engine,  John  Bull, 
was  altered  so  as  to  be  like  the  three  truck  engines  that  they  already  had. 
Besides  the  sixteen  engines  built  by  Stephenson,  sent  out  to  the  States 
in  these  early  years  of  American  railroads,  Bary  sent  an  engine 
out  in  1831,  and  others  in  1832  and  1833,  and  the  first  engines 
built  by  Norris,  between  1833  and  1837,  were  in  these  details  almost 
exact  copies  of  Bury's  arrangement.  Baldwin's  first  engine  in  1832 
vas  a  copy  of  the  first  Stephenson  engine  sent  out  to  the  United  States, 
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simDar  to  the  Liverpool  and  Manchester  Planet  class,  although  Baldwin 
subsequently  adopted  the  Bury  boiler  and  inside  frame,  and  Stephenson's 
truck.     From  this  combination  has  been  developed  the  present  Ameri- 
can type,  precisely  as  in  England  the  Stephenson  and  Bury  types, 
amalgamated  and  improved,  have  developed  the  bulk  of  the  present 
locomotive  forms.     Bury  from  a  very  early  day  was  Stephenson's  prin- 
cipal opponent  in  the  locomotive  design,  and  from  1836  to  1848,  it  was 
a  moot  question  which   was  the  better  engine.     The  differences  were 
broadly  marked  and  irreconcilable.     Stephenson's  standard  engine  had 
an  outside  frame  with  six  wheels,  and  after  1842,  a  long  boiler  and 
all  the  wheels  under  the  barrel  of  the  boiler.     Bury's  engines  had  only 
four  wheels  with  an  inside  frame.  Stephenson's  fire  box  was  square  in  plan, 
Bury's  semicircular.     Stephenson's  frame  was  of  oak,  the  sides  sand- 
wiched between  iron  plates,  and  latterly  a  single  iron  plate  with  the 
horn  plates  for  the  axle  cut  out  of  the  solid.     Bury's  was  a  built  frame 
inside  the  wheels,  very  similar  to  the  American  frame  of  to-day,  which 
in  fact  has  been  evolved  and  improved  from  his  type.     The  cylinders  of 
Stephenson's  engines  were  fastened,  in  fact  rivetted,  into  the  smoke-box. 
Bury's  were  carried  as  in  the  modern  engines  by  the  frameplates. 
The  former  was  a  massive  heavy-looking  design,  fit  only  for  a  first 
class  railway,  fastened  and  bolted  together  as  if  built  to  last  forever. 
Bury's  engines,  with  their  light  skeleton  frames  and  all  their  machinery 
in  sight,  looked    unsubstantial  and  temporary  beside  the  other,  but 
proved  in  practice  more  accessible  for  repairs  and  renewals,  and  better 
adapted  for  rough  usage.     In  1837,  the  London   and  Birmingham 
Hallway  was  opened  with  90  of  Bury's   engines,  and  Bury  himself 
became  the  locomotive  superintendent,  although  Eobert  Stephenson  was 
the  chief  engineer  of  the  railway.     Of  the  two  types  of  engines  of  that 
day,  probably  Bury's  engine  up  to  13  inches  in  diameter  was  the  better 
machine,  but  when  heavier  locomotives  were  required,  the  Stephenson 
type  had  the  advantage.     Bury's  frame  inside  the  wheels  and  the  cylin- 
ders bolted  to  the  frame  was,  however,  undoubtedly  the  best  arrange- 
ment, and  both  in  England  and  America  this  is  now  almost  universal. 
In  the  Magazine,  the  author  claims  for  American  engineers  the 
invention  of  two  things,  which  he  seems  to  think  the  important  im- 
provements that  have  revolutionized  the  locomotive  and  made  it  the 
suoeesB  it  is.     The  truck  has  been  already  referred  to,  and  that  it  is 
an  improvement  in  ordinary  work  is  undoubted.     At  the  same  time  it 
must  be  borne  in  mind  that  it  has  not  been  universally  adopted,  and  of 
the  locomotives  that  have  recently  done  such  marvellous  work  between 
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London  and  Edinburgh — undoubtedly  the  best  locomotive  perfonnanoe 
that  ever  has  been  done — the  truck  was  not  adopted  on  the  engines  that 
did  the  best  running,  whilst  the  locomotive  that  did  the  worst  happened 
to  be  a  truck-engine.  Comparatively  few  of  the  European  engines 
have  the  American  truck,  and  on  some  lines,  like  the  North  Western, 
Midland  and  Great  Western,  with  6000  locomotives  on  the  three 
lines,  it  has  not  been  used.  The  equalizing  lever  on  long  engines  of 
American  construction  is,  no  doubt,  essential,  and  either  it  or  the 
Austrian  contrivance  of  bell  crank  attachment  to  the  springs  with  a  link 
between  them,  (the  latter,  a  lighter  and  perhaps  better  arrangement,) 
is  an  excellent  relief  on  rough  roads.  But  this  contrivance,  although 
perfectly  well  known  in  Europe,  is  not  deemed  of  any  great  importance 
where  the  raUways  are  in  good  condition,  it  is  by  no  means  essential 
nor  is  it  as  a  rule  adopted  on  some  of  the  leading  railways  where  the 
best  designs  are  taken  regardless  of  expense.  It  is  absurd  to  mark 
these  as  important  developments  of  the  locomotive,  comparable  to  the 
blast  pipe  on  Stephenson's  Killingworth  engines,  the  Booth  multitu- 
bular boiler,  the  link  motion  which  regulates  at  will  the  expansion  of 
the  steam  and  the  power  of  the  engine  as  it  passes  over  the  ever 
varying  gradients  of  the  roadway,  or  the  French  invention  of  the 
injector  which  supplies  the  boiler  with  water,  irrespective  of  the 
engine  being  in  motion.  If  the  universal  adoption  of  an  improvement 
is  to  be  the  gauge  of  its  valae  in  the  evolution  of  the  locomotive,  the 
Glasgow  and  Garnkirk  locomotive,  the  St.  RoUox,  which  was  the  first 
having  the  gauge  glass  to  shew  the  height  of  water  in  the  bdiler,  or  the 
Leicester  and  Swannington  Comet,  where  the  familiar  whistle  was  first 
used,  ought  certainly  to  be  immortalized,  and  rank  far  higher  than  the 
two  inventions  specially  claimed,  and  which,  outside  of  America,  are 
only  found  on  a  minority  of  locomotives. 

But  the  author  goes  further,  and  claims  that  in  consequence  of  these 
two  inventions, — the  truck  and  the  equalizing  lever,  American  engineers 
were  able  to  build  cheaper  and  more  efficient  roads  than  any  previously 
existing,  that  they  could  use  sharper  curves  and  steeper  gradients  than 
could  be  worked  on  British  lines,  and  construct  railways  economically 
where  the  old  country  engineers  could  only  make  them  at  an  enormous 
expense.  Now  to  refute  these  statements  let  us  take  some  facts.  One 
of  the  numerous  railways  which  obtained  its  charter  in  1825,  and  was 
partly  opened  in  1828,  before  there  was  a  railway  at  all  in 
America,  was  the  Cromford  and  High  Peak.     It  was  a  line  34  miles 
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long  wi^  rails  63  pounds  to  the  yard  on  stone  sleepers,  and  all  the 
machinery  was  the  best  and  most  perfect  of  its  kind.  It  had  to  cross 
the  Peak  of  Derbyshire,  the  baok-bone  of  England,  and  over  some  of  the 
roughest  country  and  the  finest  scenery  that  even  still  is  the  delight  of 
tourists.  It  connected  the  Canal  system  of  the  East  coast  from  London 
and  Hull  with  the  extension  of  the  Duke  of  Bridgewater's  canal  from 
Manchester  and  Liverpool,  which  had  been  completed  to  the  foot  of  the 
High  Peak,  and  it  was  intended  and  fitted  for  a  heavy  freight  traffic^ 
irrespective  of  passengers.  There  was  necessarily  much  heavy  work,  and 
one  tunnel  near  Buxton,  580  yards  long,  was  unavoidable.  Yet  it  waa 
finished,  without  machinery,  for  about  ^,000  per  mile;  and  with 
seventeen  incline  engines  and  three  locomotives,  and  all  the  incline  fix- 
tures for  less  than  £6,000.  It  was  Outram's  idea  that  railways  would 
not  be  able  to  compete  with  canals  for  economical  transport,  and  as 
much  of  this  as  possible  was  a  water  level  to  be  some  day  as  he  expected 
transformed  into  a  canal.  Of  the  34  miles,  29f  were  a  dead  level.  Five 
inclines,  of  which  four  were  within  the  first  four  miles,  carried  the  road 
984  feet  vertically  in  3306  yards,  and  four  inclines  at  the  West  end  low- 
ered it  again  739  feet  in  2112  yards.  Two  twelve  mile  levels  were  to  bfr 
worked  by  locomotives.  "  There  are  few  curves,  of  less  than  1,000  feet 
radius  on  European  railways,  whilst  the  swivelling  truck  enabled  tis 
(Americans)  to  build  much  less  expensive  lines  than  those  of  England^ 
for  we  could  now  avoid  hills  and  other  obstacles  at  will.  (See  Mag,Y* 
The  curves  on  the  High  Peak  were  all  of  132  feet  radius,  the  rails 
were  cast  to  that  curve,  and  it  was  an  immense  saving  to  have  them  all 
uniform,  and  the  rails  to  the  exact  radius.  The  locomotives  were  not 
track  engines,  they  were  four  wheel  engines,  and  the  wheels  only  3  feet 
6  inches  centres,  were  closer  together  than  the  wheels  of  a  truck  usually 
are,  and  as  close,  in  fact,  as  they  could  be  placed.  Round  these  curves 
between  43  and  44  degrees  of  curvature,  these  engines,  with  the  device 
of  ranning  on  the  flanges  on  the  outside  guard  rail,  ran  easily  enough^ 
and  on  this  beautifully  laid  road,  with  its  heavy  rails  and  broken  stone 
ballast  the  locomotives,  though  small,  could  handle  a  very  respectable 
train,  as  much  indeed  as  could  be  brought  up  the  inclines  at  two  hauls. 
Again :  "  The  climbing  capabilities  of  a  locomotive  upon  smooth  rails 
were  not  known  until,  in  1852,  Mr.  Latrobe  tried  a  temporary  gradient 
of  10  per  cent.  This  daring  feat  has  never  been  equalled."  Now  this 
statement  is  somewhat  rash.  The  question  of  gradients  and  adhesion 
was  about  as  exhaustively  gone  into  on  a  score  of  private  railways  in 
England,  as  it  coald  be  before  the  experiments  on  the  Cromford  and 
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High  Peak,  made  in  the  interest  of  the  Mont  Genis  railway,  cooda- 
sivelj  settled  the  mazimom  gradient  that  it  would  be  safe  to  use  across 
the  Alps  previous  to  the  opening  of  the  Mont  Cenis  tunnel.  With 
ordinary  locomotives  a  10  per  cent  rise  is  not  practicable.  On  a  very 
fine  day,  the  Cromford  and  High  Peak  engines,  with  a  very  ingenious 
sanding  arrangement,  could  go  up  the  Hindlow  plane  of  1  in  13.  On  a 
wet  day  they  could  not ;  but  the  Fell  engines,  which  were  tried  on  this 
road  preparatory  to  their  being  sent  to  France,  could  go  up  any  plane, 
(the  steepest,  the  Upper  (royt,  was  a  little  better  than  1  in  7,)  and 
take  one  or  two  waggons  behind  them  ! !  The  author  is  not  aware, 
that  the  Fell  engine  has  ever  been  tried  in  America  on  any  of  the 
temporary  roads,  the  switchbacks  that  Mr.  Clarke  seems  to  think 
are  peculiarly  an  American  invention.  From  the  experiments  on  the 
Cromford  and  High  Peak  they  are  perfectly  reliable  up  to  gradients 
of  1  in  12,  and  will  take  their  own  weight  behind  them  up  such  a 
grade.  The  locomotive  in  use  on  that  road  weighed  a  little  over 
13  long  tons,  say  30,000  lbs.,  and  it  could  take  easily  four  cars,  each 
weighing  with  their  load  15,000  lbs.  or  60,000  lbs.,  together  double  its 
own  weight,  up  the  Whaley  plane,  averaging  1  in  13,  or  a  rise  of  406 
feet  in  the  mile.  The  writer  can  scarcely  have  known  of  these 
engines,  which  worked  for  three  years  the  continental  traffic  between 
France  and  the  East  of  Europe,  or  he  would  not  have  made  some 
of  the  statements  in  the  Magazine  article. 

Another  great  mistake  made  in  connection  with  English  and 
European  practice  is  the  general  idea  of  Americans  that  everything 
in  the  old  country  is  stationary  and  unchanged,  and  that  the  time  of 
evolution  and  improvement  has  long  since  set  in  Europe  to  be  found 
now  only  in  America.  "  The  Stephenson  type  of  engine  once  fixed 
has  remained  unchanged  in  Europe,  except  in  detail,  to  the  present 
day.  European  locomotives  have  increased  in  weight  and  power, 
and  in  perfection  of  material  and  workmanship,  but  the  general 
features  are  those  of  the  locomotives  built  by  the  great  firm  of 
George  Stephenson  &  Son,  before  1840."  So  far  from  this  being  the 
ease,  the  standard  engine  of  the  Stephenson  works,  (Robert  Stephenson 
&  Co.,  not  George  Stephenson  &  Son),  from  1837  to  1842,  has  been 
entirely  abandoned  since  1844,  and  although  other  builders  continued 
that  excellent  type  for  a  number  of  years,  and  perhaps  occasionally  do 
so  still,  the  Stephensons  entirely  gave  it  up  after  their  patent  of  1842 
oa'me  into  use,  and  this  latter  style  has  again  since  been  altogether  super- 
seded. The  Stephensons,  after  1831,  never  had  a  monopoly  of  a  locomotive 


Veman  Smith  on  DevdopyneTit  of  Locomotive.      125 

type.  As  before  mentioned,  Bory's  engines  always  fonned  a  separate 
type,  so  did  the  Allan  engine,  or  Crewe  engine  of  1840,  which  is  still 
the  type  of  the  Northern  division  of  the  North  Western,  of  the 
Caledonian,  and  of  some  of  the  French  railways.  As  far  as  the  loco- 
motive of  different  countries  is  concerned,  the  fixity  of  type,  the 
absence  of  change,  the  slavish  following  of  precedent  is  to  be  seen  now 
more  in  America  than  any  where.  You  travel  from  New  Orleans 
to  Montreal,  from  New  York  to  the  Pacific,  and  you  see  nothing  but 
the  one  type  of  locomotive  unchanged  for  forty  years,  the  American  8 
wheel,  4  coupled  driver,  truck  engine,  with  inside  frame  and  outside 
cylinders,  with  its  Swedish  iron  laggings,  and  its  monotonous  uni- 
formity. In  England,  on  the  contrary,  the  complaint  justly  made  by 
a  recent  writer,  that  the  type  of  locomotives  varies  on  every  railway, 
is  unfortunately  but  too  true,  and  the  most  casual  observer  cannot  but^ 
notice  it.  The  dull  red  colored  machine,  with  its  two  coupled  driving 
wheels  and  single  leading  wheel,  heavy  outside  frame  entirely  covering 
up  the  inside  cylinders  and  machinery,  and  which  takes  you  in  4^ 
hours  from  Liverpool  to  London  on  the  Midland,  is  essentially  different 
in  design  and  arrangement  from  the  bright  green  outside  cylinder 
engine  with  its  one  huge  driver,  8  feet  6  inches  in  diameter,  of  the 
Great  Northern,  or  the  North  Western  Compound,  with  its  bright 
central  polished  cylinder  cover,  and  its  double  machinery,  each  part 
working  its  separate  uncoupled  driving  wheel.  These  three  locomo- 
tives are  as  distinctly  different  from  each  other  as  any  one  of  them 
is  from  the  old  Bocket,  yet  all  run  between  the  same  termini,  and 
are  keenly  competing  for  the  same  traffic.  It  is  difficult  to  trace 
any  resemblance  between  the  Mediterranean  engine  of  the  great 
French  company,  the  Lombardo  Venetian,  or  the  Belgian,  yet  all  are 
in  a  constant  state  of  alteration  and  struggle  for  improvement,  and  each 
developing  and  evolving  its  own  type  of  ideas,  and  improving  its 
own  specific  class  of  machine,  although  that  improvement  often,  nay 
always,  leads  to  a  further  divergence  from  the  common  original  and 
from  each  other.  The  standard  locomotive  of  the  future  has  yet  to  be 
designed. 


DISCUSSION. 

Mr.  F.  Brown  j^j  seems  very  fittbg  that  this  excellent  paper  should  have  been 
written  in  order  to  refate  the  misleading  statements  contained  in  the 
Magazine  article  referred  to. 

Any  writings  calculated  to  disturb  existing  good  feeling  and  free 
interchange  of  ideas  between  Engineers  all  over  the  world  are  much  to 
be  deplored.  Different  countries  have  different  circumstances  to  con- 
tend with,  in  designing  motive  power,  and  in  these  designs  each  contains 
some  good  point,  which  it  is  to  our  interest  to  profit  by,  and  the  extent 
of  our  mutual  profit  depends  to  a  great  degree  upon  mutual  good  feel* 
ing,  which  can  hardly  be  encouraged  by  the  publication  of  such  articles 
as  that  which  has  called  forth  the  paper  under  discussion. 

As  to  the  birth  of  the  Locomotive,  the  sheets  of  diagrams  with  nota- 
tions showing  the  growth  of  the  Locomotive  Engine,  compiled  by  Mr. 
Theodore  West  of  Darlington,  England,  plainly  trace  the  stages  of  its 
development.  The  first  we  might  notice  is  the  Engine  of  Trevithick 
&  Vivian  of  1802,  which  is  now  in  the  South  Kensington  Museum. 
This  is  followed  by  a  long  list  of  locomotives  of  different  types  by 
*'  Trevithick,''  **Blenkinsop,"  "Hedley  "and  "  Stephenson,"  dating  up 
to  1828,  all  of  which  were  operated  with  more  or  less  success  prior  to 
the  locomotive  built  by  Foster,  Rastrick  &  Co.,  of  Stourbridge,  shipped 
Jrom  England  to  America  in  1829.  The  Engine  was  named  the 
*'  Stourbridge  Lion,"  and  it  was  &om  this  locomotive  and  from  others 
success^iUy  built  in  England  and  sent  to  America^  that  the  American 
locomotives  have  been  copied. 

With  reference  to  the  so  called  '^American  improvements,"  it  is 
certain  that  our  American  cousins  have  proved  their  well  known  ability 
in  adopting  inventions  of  others  to  improve  their  machinery.  But 
in  the  many  different  types  of  locomotives  which  have  been  brought 
forward  in  the  United  States,  it  cannot  be  denied  that  there  have  been 
many  failures.  To-day  there  is  much  said  about  a  locomotive  which 
carries  nearly  as  much  dead  weight  as  efficient  weight ;  the  cost  of 
this  machine  must  be  great,  but  this  part  is  carefully  kept  in  the 
back  ground,  and  it  is  evident  that  first  cost  is  not  its  strong  point. 

Again  it  is  stated  that  '^  The  Stephenson  type  once  fixed  has 
remained  unchanged  in  Europe  to  the  present  day."     Surely  the  writer 
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t)f  this  statement  most  be  very  ignorant  of  what  is  going  on  in  Europe ; 
he  oannot  have  seen  Mr.  Stirling's  magnificent  express  locomotive 
with  eight  foot  driving  wheels  on  the  G-reat  Northern  Eailway,  which 
has  been  in  successful  operation  for  over  twenty  years,  nor  can  he 
have  seen  the  celebrated  four-wheeled  coupled  express  engines  on 
the  Midland.  Is  he  ignorant  of  ^*  Webb's  Compound,"  or  that  of 
"Worsdell  and  Van  Borries."  And  while  speaking  of  Compojyids, 
many  will  watch  with  much  interest  the  performance  of  Webb's  Com- 
pound on  the  Pennsylvania  Bailroad.  The  speaker  would  like  to  see 
ene  of  "  Worsdell  and  Van  Borrie's'*  Compounds  tried  in  Canada 
on  the  Canadian  Pacific  Railway. 

It  was  said  that  the  first  and  most  far-seeing  ''  invention  "  was  that 
of  the  swivel  truck,  and  that  this  was  first  suggested  by  Horatio  Allen 
for  the  South  Carolina  Eailway,  in  1831.  The  author  of  such  a  remark 
cannot  have  known  of  tiie  engine  built  by  Vignoles  &  Ericsson  in 
1830,  an  outline  of  which  is  shown  on  Theodore  West's  sheet  of  early  i 

locomotives,  and  we  are  inclined  to  ask  whether  the  miserable  road- 
bed in  America  did  not  necessitate  the  use  of  a  truck.  If  the  first 
English  road-beds  had  been  as  bad  as  the  first  American  are  admitted 
to  have  been,  no  doubt  English  engineers  would  have  continued  the 
use  of  the  truck  to  overcome  the  difiiculty,  but  it  appears  they  were 
not  called  upon  to  overcome  difficulties  which  did  not  exist. 

The  writer  has  read  with  great  pleasure  Mr.  T.  T.  Vernon  Smith's  Mr.  j.  AsplnaU 
most  interesting  paper  upon  the  "  Development  of  the  Locomotive." 
He  has  succeeded  in  getting  together  in  a  short  space  a  very  large 
nimiber  of  facts,  which  deal  with  the  historical  side  of  the  question,  and 
his  paper  upon  that  account  is  a  most  valuable  one.  Time,  however, 
does  not  permit  a  criticism  in  detail.  He  must  however  be  in  error  in 
saying  "  that  comparatively  few  of  the  European  engines  have  the 
bogie  truck."  Again  he  says  that  on  the  Midland  Eailway,  it  has 
never  been  adopted.  This  is  not  quite  correct,  as  there  are  quite  a 
number  of  engines  running  on  that  line  with  the  bogie  truck,  and 
taking  the  case  of  the  writer's  own  line, — ^the  Lancashire  and  York- 
shire Eailway, — all  the  passenger  engines  built  for  it  are  fitted  with 
bogie  trucks. 

Mr.  H.  Wallis  said  the  author  had  dealt  with  his  subject  in  an  able  Mr.  h  WalUs 
manner,  and  the  facilities  which  had  been  afforded  him  for  research 
rendered  his  paper  the  more  valuable,  as  an  historical  collection  of  facts 
which  the  Society  might  be  congratulated  on  having  obtained. 
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There  was  one  Dame  which  he  thought  had  been  anintentionallj 
omitted.  He  would  be  sorry  indeed  to  say  aught  with  the  object  of 
detracting  from  the  fame  attaching  to  the  name  of  Stephenson,  but  the 
history  of  the  looomotiye  was  incomplete  without  a  reference  to  the 
work  of  William  Hedley. 

He  thought  that  the  credit  of  having  settled  the  vexed  question  of 
adhesion  belonged  to  Hedley,  and  that  the  use  of  the  exhaust  steam 
up-turned  in  the  chimney  was  also  with  some  reason  claimed  for  him. 

He  agreed  with  previous  speakers  that  as  locomotives  had  to  be 
designed  to  meet  special  conditions  in  various  countries,  comparisons 
without  due  regard  to  this  fact  were  apt  to  be  misleading. 

Single  track  railways  working  heavy  traffic  required  powerful  engines, 
in  order  to  minimise  mileage  and  reduce  the  delay  consequent  on  the 
passing  and  crossing  of  trains  at  stations. 

Iron  and  steel  for  tubes  and  fireboxes  superseded  brass  and  copper 
with  the  advent  of  coal  as  fuel,  the  softer  metals  not  having  the  neces- 
sary wearing  qualities  under  conditions  of  heavy  traffic  and  the  forced 
draught  necessitated  by  the  use  of  the  spark-arresting  cone  in  the 
smoke  stack.  The  extended  smoke  box  was  an  American  device  for 
softening  the  exhaust  and  maintaining  the  draught,  which  was  seriously 
checked  by  the  interposition  of  the  cone. 

The  dry  atmospheric  conditions  which  prevailed  in  Canada  and  the 
United  States  required  the  adoption  of  means  to  prevent  the  escape  of 
cinders  and  sparks,  which  were  unnecessary  in  many  other  countries, 
but  the  fact  that  all  such  devices  more  or  less  interfered  with  the  free 
working  of  engines  constituted  a  disadvantage  in  obtaining  economical 
results. 

While  American  ingenuity  had  been  greatly  employed  in  improving 
existing  inventions,  it  could  not  be  said  to  be  wanting  in  originality. 

England  was  undoubtedly  the  cradle  of  the  locomotive,  but  the  claims 
of  America  to  recognition  for  a  place  in  its  improvement  to  meet  special 
conditions  could  not  be  overlooked. 

The  tank  engines  of  the  Midland  and  Metropolitan,  or  Underground ^ 
railways  used  the  bogie  truck  as  a  system  certainly  twenty  years  ago. 

The  use  of  the  truck  or  bogie  was  to  secure  an  easy  motion  when  an 
engine  took  a  curve. 

The  railways  of  this  country  were  not  so  expensively  constructed  as 
in  England,  where  the  receipts  per  train  were  higher  and  the  train 
mileage  per  mile  of  railway  in  some  cases  four  times  as  much. 

The  percentage  of  curve  to  tangent  was  naturally  therefore  in  excess. 
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and|  generaDy,  the  roadbed  was  oomparatiTelj  below  the  standard  of 
English  reqnireineDts. 

The  advantage  of  ihe  sin^e  pair  of  leading  wheels  lay  in  their  less 
weight)  larger  diameter,  and  therefore  less  joarnal  friction  at  the  high 
speeds  for  which  the  passenger  service  in  England  was  so  justly  noted. 

He  believed  that  bogie  trucks  recently  tried  there  under  fast  passen- 
ger engines  were  being  replaced  by  single  wheels. 

Mr.  F.  L.  Wanklyn  said  that  he  had  never  had  the  privilege  of  list-  Kr.  wankiyiu 
eoing  to  a  better  historical  paper  on  the  locomotive  than  that  read 
by  Mr.  Smith.    It  certainly  proved  that  English  engineers  could  claim, 
and  very  justly,  to  be  the  originators  as  well  as  the  perfectors  of  the 
locomotive. 

What  Mr.  Brown  had  said  about  every  country  having  special 
requirements  and  therefore  special  designs,  was  very  true,  and  accounted 
to  a  great  extent  for  the  difference  ezistiog  between  English  and 
American  designs.  In  a  good  many  respects  however  there  was  no 
denying  the  fact  that  English  engineers  were  conservative.  The  fixed 
grate  bar  was  a  case  in  point  In  running  sheds  in  England  they 
would  see  a  number  of  little  boys  running  round  changing  the  bars. 
Iq  America,  the  rocker  grate,  out  of  which  the  bars  did  not  bum  so 
readily,  was  used.  Now  English  engineers  were  claiming  this  as  a  new 
invention  and  putting  it  into  their  steamboats.  A  good  deal  might 
be  read  about  the  rocking  grate  in  the  Glasgow  Marine  Engineering 
papers.    It  was  purely  an  American  invention. 

Another  thing  was  the  persistence  with  which  English  engineers 
would  maintain  that  they  could  not  use  the  cast-iron  balanced  valve 
even  in  the  latest  designs  of  engines  with  Joy's  valve  gear,  in  which  the 
balanced  valves  could  be  employed  with  just  as  much  success  as  in 
America.  Mr.  Webb  insisted  that  the  cast  iron  valve  would  not  prove 
efficient.  They  had  tried  such  valves  at  the  Crewe  Works,  London 
and  North  Western  Railway,  cast  of  English  iron,  and  had  even  had 
flome  cast  of  American  iron  at  the  Altoona  Works  of  the  Pennsyl- 
vania £.  R.,  but  the  results  were  not  satisfactory. 

Most  of  the  modern  American  engines  had  balanced  valves,  which 
eased  the  strain  on  the  eccentric  straps  and  link-motion,  causing  the 
wear  to  be  diminished  to  a  great  extent,  and  also  obviating  the  continual 
&cing  and  scraping  up  of  valves  and  valve  seats  so  frequently  required  in 
Ei^lish  running  sheds.  In  England  they  had  schemed  out  screw  and 
steam  reversing  gears  to  overcome  the  friction  of  the  old  bronze  un- 
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balanced  Yalye,  which  hugged  the  yalye  seat  so  tenaoionsly  and  made  it 
diffienlt  to  notoh  up  or  reyerse. 

Anyone  who  had  anything  to  do  with  ronning  engines  in  England 
knew  the  difficulty  firemen  experienced  in  tallowing  the  cylinders^ 
While  the  train  was  running  at  great  speed,  the  fireman  had  to  walk 
along  his  engine  on  a  3  inch  angle  iron  to  tallow  the  cylinders  at  the 
smoke  box  end.  In  all  American  engines  the  tallow  cups  were  inside 
the  cab,  and  in  cases  where  sight  feed  lubricators  were  used,  the  cylin- 
ders were  lubricated  automatically  while  the  train  was  being  run  at 
its  regular  speed,  or  when  stopped. 

Again,  English  en^eers  still  maintained  that  copper  was  the  best 
material  of  which  to  make  fireboxe8,fand  that  brass  tubes  were  second  to- 
none,  but  they  omitted  to  add  that  they  suffered  more  from  pitted  and 
grooved  boilers  in  their  engines  than  was  the  case  anywhere  else  in  the 
world.  They  did  not  seem  to  recogniae  or  take  into  account  the  gal- 
yanic  action  that  was  caused  by  the  use  of  different  metals  for  different 
parts  of  the  same  boiler.  In  America,  in  places  where  the  water  was 
equal  to  the  water  in  England,  the  pitting  of  boilers  was  almost  unknown^ 
which  was  perhaps  attributable  to  the  fact  that  metals  of  one  kind 
were  used  throughout  the  boiler.  If  a  boiler  was  constructed  all  of 
steel,  corrosive  action  would  not  be  so  likely  to  follow  as  with  a  copper 
firebox  and  brass  tubes.  In  England  steel  had  been  tried,  but,  it  was 
stated,  without  success,  due  perhaps  more  to  the  extra  thickness  of  the 
plates  used  than  to  the  quality  of  the  steel  itself.  It  was  no  use  deny- 
ing the  fact  that  the  Americans  had  adopted  tk/ew  good  things  in  their 
locomotives  which  were  not  English,  although  the  speaker  thought  there 
was  no  doubt  that  the  English  locomotiye  for  symmetry  and  for  perfec- 
tion of  design  and  workmanship  could  not  be  surpassed. 

Referring  to  modem  improvements  in  locomotives,  he  said  that  he 
had  noticed  that  quite  recently  in  England  they  had  actually  built  a 
tramway  compound  engine,  with  an  atmospheric  surface  condenser. 
He  supposed  tbey  would  soon  hear  that  there  was  an  engine  like  it  in  the 
States,  and  that  the  Americans  were  the  inventors,  but  that  inventioa 
had  been  secured  to  the  honor  and  glory  of  English  engmeers,  and  the 
speaker  trusted  it  would  prove  a  great  success  and  lead  to  like  engines 
being  used  on  standard  railways. 

Eeplying  to  Mr.  Sproule's  question  as  to  the  truck,  the  speaker  said 
that  on  the  Brighton  and  South  Coast^Bailway,  the  ''  B  '*  class  express 
engmes  had  four  6  ft.  6  in.  wheels  coupled  and  leading,  and  they  ran 
from  Brighton  to  London,  about  60  miles,  in  as  many  minutes.  The 
engines  ran  without  bogie  or  leading  wheel  with  safety.  Again  referring^ 
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to  this  question,  he  said  that  the  objeot  of  the  Looomotive  Saperinten- 
dent  of  the  Brighton  &  South  Coast  (&£r.  Stroudley),  in  using  6  ft.  6  in. 
wheels,  coupled  in  ftont  of  his  engines,  was  simply  to  utilize  the  weight 
of  the  cylinders  and  not  to  have  Uiat  weight,  which  is  unayoidahle  in  all 
engines,  resting  on  a  truck,  without  adding  to  the  adhesion  of  the 
engine.  Mr.  Stroudley  did  not  consider  it  safe  to  run  wheels  3  ft.  6  in. 
diameter  or  less,  at  the  speed  at  which  he  desired  to  run  his  train,  and 
therefore  used  wheels  of  6  ft.  6  in.  diar.  in  front,  and  4  ft.  6  in.  diar. 
as  trailers.  He  believed  in  increasing  the  diameter  of  the  wheels  as 
much  as  possible,  and  not  in  shoving  along  an  unnecessarily  small 
wheeled  bogie  truck,  the  journals  of  which  were  liable  to  heat  up  and 
cause  trouble  on  very  fast  trains. 

Referring  to  Mr.  Wanklyn's  remarks,  re  steel  for  boilers  and  fire  Mr.  f.  Brown. 
boxes,  the  speaker  thoroughly  concurs  with  him  in  all  he  has  said,  and 
may  say  that  the  Canadian  Pacific  Railway  Co.  goes  still  further 
in  the  use  of  one  class  of  material  for  boilers,  as  they  are  now  using  steel, 
not  only  for  the  boilers  and  fire  boxes  but  for  rivets,  stay  bolts  and  tubes. 

The  writer,  having  read  with  much  interest  Mr.  Vernon  Smith's  Mr.  t.  Biohea. 
paper,  endorses  very  cordially  its  general  coDclusion;  but  as  the  locomo- 
tive superintendent  of  a  railway-^known  in  England  as  at  least  one  of 
the  most  successful  mineral  lines,  running  as  it  does  amongst  the  Welsh 
Hills — ^it  may  interest  hb  Canadian  brethem  to  learn  some  few  facts 
in  reference  to  the  mode  adopted  in  working  some  of  the  many  steep 
mclines — ^varying  from  grades  of  1  in  12  to  1'  in  50,  with  of  course 
many  not  so  severe. 

The  incline  of  1  in  12  is  1000  yards  long,  and  is  worked  with  tank 
locomotives  having  17J  in.  by  26  in.  inside  cylinders.  The  fire-box  is 
eonstructed  with  a  slopmg  roof,  the  tube  plate  being  kept  up  to  the  full 
height)  but  the  hinder  end  lowered  1  in.  in  12  in.  so  that  by  running 
the  engine  fire-box  end  towards  the  hill,  a  uniform  depth  of  water  is 
maintained  on  the  roof  of  the  box. 

The  dome  is  also  placed  immediately  over  the  fire-box  so  as  to  main- 
tain dry  steam,  and  the  boiler  barrel  is  made  conical,  enlarging  out  over 
the  fire-box  so  as  to  give  freedom  to  the  steam  generated,  and  also  6o 
that  when  the  engine  comes  to  the  bank  head,  and  gets  on  the  level,  the 
water  has  a  large  area  to  fill,  which  prevents  it  becoming  inconvenient 
when  flowing  back  from  the  cylinder  end,  which  is  of  course  over-full 
when  upon  the  incline.  For  worL  ing  down  this  incline,  steam  brakes 
are  used,  applyii^  cast  iron  blocks  to  each  of  the  six  wheels  (all  wheels' 
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coupled),  and,  in  addition,  cast  iron  stays  which  press  direct  upon  the 
rails,  and  are  worked  by  screws  and  levers. 

These  engines  haye  regularly  worked  this  incline,  which  is  at  a  con- 
siderable altitude,  and  subject  to  very  bad  weather,  throughout  the 
year. 

As  to  switch-back  lines,  the  name  is  certainly  American,  but  the 
practice,  under  the  name  of  Kigsag,  has  been  yery  long  used  on  this  side 
of  the  Atlantic. 

Bearding  Bogies  on  trucks:  these  are  certamly  useful  in  some 
instances,  and  for  running  at  high  speed  upon  very  sharp  curves  their 
benefit  will  be  proved,  as  the  writer  has  engines  weighing  54  tons  gross 
upon  ten  wheels.  The  leading  4  wheels  are  on  a  bogie  truck,  having 
pivot  and  also  lateral  slides  suspended  from  compensatmg  radiating  sling 
links,  which  make  it  very  steady  in  running.  Then  come  four  driving 
wheels,  coupled  7  ft.  9  in.  centres,  and  finally  the  traUing  wheels,  carried 
in  a  radial  axle  box.  By  this  arrangement,  a  wheel  base  of  26  ft.  6  in, 
(of  which  only  7  ft.  9  in.  is  rigid)  works  around  ten  chain  curves,  many 
of  them  an  S,  with  the  most  perfect  steadiness,  and  at  high  speeds  of 
ftom  45  to  55  miles  per  hour ;  but  for  the  heavy  mineral  traffic,  and 
indeed  for  shuDting,  aft«r  trying  a  bogie  engine  against  a  six  wheel 
engine,  all  other  particulars  being  identical^  the  six  wheeled  coupled 
engine  was  proved  far  more  efficient  than  the  former. 

The  writer  can  conceive  that  the  very  flexible  American  engine  may 
have  advantages  upon  a  very  bad  road,  but  for  heavy  loads  upon  a  rea- 
sonably good  line,  the  advantage  must  rest,  both  in  pulling  and  cost  of 
maintenance,  with  the  more  substantially  built  engine  of  English  pat- 
tern, and  although  there  is  considerable  divergence  even  in  English 
practice  and  design — due  in  many  instances  to  locomotive  superinten- 
dents' fancies,  but  also  somewhat  to  the  different  features  of  the  rail- 
ways and  traffic  to  be  worked — yet  these  differences  do  not  amount 
to  much  when  considering  the  stable  construction  of  a  locomotive 
engine,  as  compared  with  the  flexible — but  to  an  Englishman — collective 
arrangement  of  pieces  composing  an  American  locomotive. 

Mr.  y.  Smith.  ^*  ^*  Smith  said  that  while  with  the  Stephensons  all  the  documents 
passed  through  bis  hands.  It  was  the  intention  to  destroy  them,  but 
luckily  they  were  preserved,  and  in  writing  his  paper  be  had  looked 
them  up,  so  that  he  knew  the  facts  were  as  stated. 

There  seemed  to  be  some  misunderstanding  about  the  Twm  Sisters 
and  about  the  car  ftom  which  Mr.  Huskisson  fell  and  was  killed.  He 
had  been  told  that  the  latter  was  not  a  truck  car,  but  yet  the  truck 
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oars  referred  to  were  used  on  the  Cromford  and  High  Peak,  with 
which'  road  he  was  connected  for  a  short  time. 

He  thought  that  in  Amarioa  engines  coald  not  do  so  well  without  the 
track.  He  had  seen  one  of  Mr.  Brown's  19  in.  cylinder  engines  run  at  30 
miles  an  hour,  where  an  English  engine  could  not  possihlj  have  lived. 

It  was  in  the  spring  of  the  year  near  Ottawa,  on  a  road  actually 
creeping,  and  over  which  one  would  not  have  thought  a  wheelbarrow 
could  have  gone  in  safety.  He  would  not  like  to  have  taken  a  rigid 
engine  over  it.  He  thooght  the  climatic  influences  of  this  country  made 
a  truck  essential.  He  had  no  desire  to  say  anything  against  American 
engines.  The  thin  space  in  the  fire-box  he  thought  was  an  American 
device,  also  the  use  of  homogenous  metal  for  the  boiler.  In  England, 
copper  was  used  in  fire-box  construction  and  seemed  to  answer  well,  but 
there  might  be  something  in  the  galvanic  action  question,  and  attention 
should  be  given  to  the  matter.  The  balancing  of  the  valves  was  done  40 
years  ago,  and  all  the  Great  Western  engines  had  balanced  valves.  He 
thought  the  balanced  valve  now  used,  a  great  improvement ;  and  for  the 
conditions  of  climate  and  the  work  it  had  to  perform,  he  did  not  think 
there  was  a  better  machine  than  the  8-wheel  standard  American  engine. 

Reference  having  been  made  to  the  Northern  division  of  the  North  Mr.F.  Webb. 
Western,  it  might  be  stated  that  all  the  divisions   are  now  amalga- 
mated.    The  nominal  stock  consists  of  only  60  CDgines  with  outside 
cylinders,  and  7  ft«  6  in.  wheels ;  all  the  others,  with  the  exception  of 
74  compounds,  having  inside  cylinders,  while  aU  have  inside  frames. 

Upto  thepressnt  date  the  compounds  have  done  10,396,389  miles  of 
the  heaviest  passenger  work.  Of  the  total  stock  of  engines,  1871  have 
interchangeable  eccentric  and  connecting-rods,  and  1665  interchange- 
able coupling  rods. 

Mr.  Vernon  Smith's  paper  is  a  valuable  contribution  to  the  liter-  Mr.  Chadwiok 
ature  of  the  locomotive ;  valuable  not  only  to  engineers,  but   also  to 
all  those  who  take  any  interest  in  the  early  history  of  Bailways  and  of 
the  locomotive  engine. 

The  following  remarks  are  made  in  the  hope  of  eliciting  from  Mr. 
Smith,  who  is  so  well  qualified  to  give  it,  some  further  information 
about  the  early  days  of  the  locomotive. 

Mr.  Smith  mentions  1847  as  the  date  when  cast  iron  rails  wore  used 
at  Coalbrookdale. 

Most  writers  agree  in  giving  Richard  Beynolds  the  credit  of  having 
introduced  l^e  cast  iron  rails  there.     Beynolds  was  bom  in  1735,  and 
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only  joined  the  Coalbrookdale  Iron  Go.  in  1763,  on  the  death  of  Abra- 
ham Darby,  whose  daughter  he  had  married.  Daring  the  year  1767 
the  prioe  of  iron  fell  so  low,  that  the  Coalbrookdale  Co.  had  serious 
thoughts  of  blowing  out  their  furnaoes,  when,  in  order  to  keep  them 
going,  Reynolds  suggested  the  plan  of  casting  flat  bars  which  could  be 
used  on  the  railway  in  place  of  the  oak  rails,  and  which,  in  the  event  of 
a  sudden  rise  in  the  price  of  iron,  oould  be  taken  up  and  used  as  pigs. 
The  idea  was  carried  out,  and  towards  the  end  of  the  year  (1767), 
about  6  tons  of  bars  5  feet  long  and  4  in.  by  1^  in.  thick  were  cast  and 
laid  down. 

It  may  be  mentioned  here  that  the  early  edge  rails  were  cast  oval  in 
section  with  the  long  diameter  vertical,  and  on  each  end  of  the  rail  was 
a  dove-tail  block  to  fit  into  a  chair.  These  oval  rails,  however,  were 
soon  found  to  wear  deep  grooves  in  the  wheels  of  the  coal  waggons,  and 
the  form  was  afterwards  altered  by  making  the  upper  surface  of  the 
rails  flat.  John  Birkenshaw's  patent  for  malleable  iron  rails  is  dated 
the  23rd  October,  1823,  and  refers  to  '' wrought  and  malleable  iron  rails 
of  peculiar  form,  instead  of  oast  iron  rails  as  heretofore,"  from  which  it 
would  appear  that  he  did  not  know  of  the  malleable  iron  rails  in  use  at 
Walbottle  and  Tyndale  Fell,  in  1805  and  1808  respectively,  mentioned 
by  Mr,  Smith . 

In  his  reference  to  Blenkinsop's  engine,  Mr.  Smith  tells  us  it  was 
modelled  after  Trevithick's.  It  appears,  however,  that  the  engine  for 
which  Trevithick  and  Vivian  took  out  a  patent  in  1802,  and  which  was 
tried  at  Merthyr  Tydvil,  had  a  single  horizontal  cylinder  working  a 
crank  shaflb,  on  which  were  a  fly  wheel  and  two  cogged  wheels  geared 
into  similar  cogged  wheels  on  the  rear  axle  of  the  engine.  Blenkinsop's 
engine  of  1811,  on  the  contrary,  had  two  vertical  cylinders,  from  which 
motion  was  communicated  to  the  crankshaft  below,  by  means  of  cross 
heads  and  vertical  connecting  rods.  The  boiler  of  this  engine  was  of 
cast  iron,  but  it  proved  to  be  the  first  commercially  successful  locomo- 
tive, as  it  was  found  economical  as  compared  with  horse  haulage. 

Bastrick  tells  us  that  about  the  year  1813  he  built  an  engine  fo 
Trevithick  after  the  patent  of  1802,  which  was  exhibited  in  a  field  in 
London,  near  what  is  now  part  of  the  Euston  Road . 

Mr.  Smith's  account  of  the  early  locomotives  built  by  Robert 
Stephenson  &  Co.  is  particularly  interesting,  but  when  speaking  of 
the  Socket  he  makes  no  mention  of  a  second  engine  of  this  name,  and 
it  may  not  be  out  of  place  to  refer  to  it  here,  as  the  two  are  sometimes 
confounded.  In  addition  to  the  Socket  buUt  in  1829,  and  which  was 
placed  in  the  South  Kensington'  Museum  in  1862,  an  engine  of  the 
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same  name  was  built  and  plaoedon  the  Liverpool  and  Manchester  Rail- 
way in  1830.  There  were,  however,  constant  complaints  about  its  being 
too  light  and  slipping,  and  Stephenson  therefore  sent  it  back  to  New* 
•castle,  and  the  followmg  alterations  were  made  : 

The  3  feet  trailing  wheels  were  removed,  and  wheels  of  5  feet,  the 
«ame  diameter  as  the  leaders,  substituted  and  coupled.  In  order  to 
get  in  the  larger  wheels,  the  cylinders  were  altered  from  an  almost 
horizontal  to  a  diagonal  position,  as  on  the  Rocket  of  1829.  A  change 
^as  made  in  the  position  of  the  safety  valve,  and  the  various  alterations 
increased  the  weight  of  the  engine  from  19,824  lbs.  to  20,440  lbs. 
In  March,  1832,  the  engine  was  bought  by  the  Leicester  and 
Swannington  Railway  Co.,  and  at  the  opening  of  the  line  in  the  follow- 
ing July  it  ran,  but  the  old  name  plate  had  been  removed,  and  one 
l)earing  the  name  '^  Comet  '*  substituted  for  it.  It  was  sold  in  1835, 
and  used  as  a  ballast  engine  at  the  making  of  the  London  and  Birming- 
liam  Railway,  and  in  1849  or  1850  it  was  disposed  of  to  a  South 
Wales  Colliery  Company. 

Mr.  Smith  mentions  a  ^'  Comet "  which  ran  at  the  opening  of  the 
Jjiverpool  and  Manchester  line,  but  this  engine  bad  10  in.  by  16  in. 
cylinders,  whereas  the  Comet  (formerly  the  Rocket)  had  12  in.  by 
16  in.  cylinders. 

As  reference  is  made  to  the  Whitstable  and  Canterbury  line  by  Mr. 
Smith,  it  may  be  of  interest  to  refer  to  another  of  the  Stephenson's 
early  engines  which  ran  at  the  opening  of  this  railway  in  May,  1830. 

The  ''  Invicta  "  resembled  the  Rocket  in  some  points,  having  outside 
diagonal  cylinders,  but  these  were  attached  to  the  smoke  box  end  of 
the  boiler,  the  rear  wheels  being  the  drivers.  These  as  well  as  the 
leaders  were  4  feet  diameter  and  coupled. 

In  the  early  days  of  this  railway  a  considerable  portion  of  the  line 
-was  worked  by  stationary  engines,  but  the  Invicta  hauled  the  trains 
Into  Whitstable  and  back  to  the  point  at  which  the  ropes  were  attached. 

In  the  Engineer  of  the  10th  October,  1876,  there  is  an  engraving  of 
the  Invicta,  and  the  engine  was  sent  to  the  Railway  Jubilee  at  Dar- 
lington in  1875,  and  to  the  Stephenson  Centenary  in  1881,  though  in  a 
very  dismantled  condition. 

Referring  to  the  question  of  priority  of  claim  for  the  settlement  of  Mr.  H.  WaUis. 
the  vexed  question  of  adhesion,  attributed  by  the  author  to  Stephenson 
in  1814,  he  desired  to  say  that  Wood,  to  whose  treatise  on  railways 
reference  had  been  made,  and  whose  work  was  published  so  far  back 
«8  1825;  and,  therefore,  ought  to  be  reliable,  had  stated  that  Mr. 
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Blackett  in  1813  had  an  engine  made  which  worked  by  the  ''  adhesion 
of  the  wheek  npon  the  rails."  Now  Blackett  was  the  owner  of  WjUm 
OoUierj,  and  Hedley  was  his  yiewer  or  manager  and  the  designer  of 
that  engine.    It  commenced  work  May,  1813. 

Hedley's  experiments  on  adhesion  with  smooth  wheels  and  rails  were 
made  in  October,  1812.  He  had  a  carriage  constructed,  as  he  wrote  to 
Dr.  Lardner  in  1836,  which  was  "  placed  npon  the  railroad,  and  loaded 
"  with  different  parcels  of  iron,  the  weights  of  which  had  previously 
''been  ascertained;  two,  four,  six,  etc.,  loaded  coal  wagons  were 
''  attached  to  it,  the  carriage  was  moved  by  the  application  of  men  at 
''  the  four  handles,  and  in  order  that  the  men  might  not  touch  the 
''  ground  a  stage  was  suspended  from  the  carriage  at  each  handle  for 
''  them  to  stand  upon."  By  this  means  he  says  he  ''  ascertained  the 
''  proportion  between  the  weight  of  the  experimental  carriage  and  tho 
''  coal  wagons,  at  that  point  when  the  wheels  of  the  carriage  would 
''  surge  or  turn  round  without  advancing  it." 

Having  discovered  the  true  principle  of  adhesion,  Hedley  made  his 
first  locomotive,  his  experimental  frame  being  used  to  carry  it ;  this 
engine  was  tried  February,  1813,  and  failed  for  want  of  steam  capacity. 

Mr.  Matthew  Dunn  (late  Government  Inspector  of  Mines  in  Eng- 
land) in  describing  Hedley's  second  engine  (the  one  which  commenced 
to  work  May,  1813),  in  his  memoir  of  the  coal  trade  in  the  North  of 
England,  1844,  says : — 

''  This  engine  succeeded  so  well,  that  it  drew  eight  loaded  coal  wagons 
"  at  the  rate  of  four  and  five  miles  per  hour  and  completely  superseded 
"  the  use  of  horses." 

The  ''  Puffing  Billy,"  to  which  the  author  had  referred,  was  Hedley's 
engine.  It  was  in  the  South  Kensington  Museum,  having  been 
removed  there  in  1862,  and  was  said  to  have  been  in  actual  service  np 
to  that  time. 

It  was  also  more  than  probable  that  Hedley  ante-dated  Stephenson 
in  the  discovery  of  the  blast  pipe.  It  was  probably  an  accidental  dis- 
covery, following  no  doubt  upon  an  attempt  to  muffle  the  sound  caused 
by  the  exhaust  steam  escaping  directly  into  the  air.  It  was,  however^ 
the  contracting  of  the  opening  of  the  blast  orifice,  with  the  obvious  inten- 
tion of  intensifying  the  draught,  which  caused  complaint  to  be  made 
by  the  owners  of  die  land  adjacent  to  the  raihroad. 

Hedley's  discovery  was  made  and  applied  probably  two  years  before 
Stephenson's  engine  embodying  the  improvement  was  built. 

He  thought  the  author  would  be  willing  to  admit  that  Hedley's 
name  was  deserving  of  a  place  in  the  front  rank  of  those  who  had 
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justly  earned  fame  in  the  inception  and  development  of  the  loco- 
motive. 

The  author  had  stated  that  the  '^  John  Ball  "  was  the  first  engine 
which  eame  to  Canada,  and  that  it  was  sent  from  the  United  States. 
The  speaker  believed,  however,  that  it  woold  be  fonnd  that  the  first 
engine  came  to  Montreal  about  September,  1835,  direct  from  Stephen- 
son's Works,  and  that  it  was  named  the  <'  Dorchester."  There  was 
some  difficulty  with  the  fitter  who  came  to  erect  it,  and  delay  was  occa- 
sioned by  having  to  send  for  another  man  from  Newcastle.  This 
engine  was  still  working  he  believed  in  a  saw  mill. 

Referring  to  the  remarks  of  a  previous  speaker,  he  was  under  the 
impression  that  the  engines  which  were  built  at  the  Canada  Works, 
Birkenhead,  England,  in  1855,  were  modeled  on  the  designs  of  those 
then  in  use  on  the  London  and  North  Western  By.  They  certainly  had 
outside  cylinders,  and  the  bogie  trucks  were  substituted  for  the  single 
leading  wheels  at  a  later  date,  being  sent  to  Montreal  firom  Portland. 

He  did  not  see  any  necessity  for  a  large  increase  in  the  weight  of 
locomotives  in  future,  except  possibly  for  freight  traffic,  in  which  case 
the  weight  would  be  spread  over  an  extended  wheel  base  and  the 
number  of  driving  wheels  increased. 

On  single  track  railways  it  would  be  obvious  that  more  economical 
results  would  be  obtained  and  better  despatch  insured  by  carrying  the 
maximum  tonnage  per  train. 

Mr.  F.  L.  Wanklyn  referred  to  Mr.  Hedley's  method  of  overcoming  Mr.  Wankiyn. 
the  noise  caused  by  the  exhaust  which  seemed  to  have  had  the  desired 
effect.  In  modem  tramway  engines  such  as  were  now  being  built  by 
Messrs.  Hensohell,  of  Cassel,  Germany,  to  get  over  the  difficulty  of  the 
noise  of  the  exhaust  in  the  stacks,  they  still  made  use  of  a  chamber  in 
which  the  steam  from  the  cylinder  was  expanded  before  passing  out  in 
the  stack. 

He  desired  to  record  the  name  of  another  very  able  engineer,  who, 
he  supposed,  had  done  more  towards  the  development  of  the  locomotive 
in  France  and  other  countries  than  any  other  man.  He  referred  to  Mr. 
Crampton,  and  did  not  think  a  historical  paper  should  be  printed  in  the 
Proceedings  of  the  Society  without  the  introduction  of  his  name.  Any 
one  travelling  on  the  French  railways  to-day  would  see  the  Crampton 
locomotive  as  designed  by  him  thirty  years  or  more  ago.  The 
eogme  was  of  a  distinctive  type.  A  very  large  wheel  was  used  behind 
the  footplate,  and  the  weights  were  distributed  in  a  manner  different 
to  that  pursued  by  American  and  English  engineers.    Statistics  of 
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contiiieiital  railways  showed  that  the  Orampton  looomofive  gaye  better 
refiolts  than  probably  any  other  looomotive  extant,  as  regards  long 
mileages  between  repairs  and  low  oost  in  fuel,  etc. 

He  referred  to  different  types  of  looomotives  invented  and  tried  in 
America,  and  mentioned  the  '*  Fountain  "  looomotive,  in  which  the  power 
was  not  transmitted  directly  to  the  axle  carrying  the  wheels  running  on 
the  rail,  but  to  a  supplementary  pair  of  wheels  which  only  had  a  frictional 
contact  with  the  driving  wheels  of  the  engine.  This  engine  had  actually 
been  tried.  Then  there  was  Mr.  Strong's  engine  in  which  the  usual 
locomotive  boiler  and  fire-box  were  replaced  by  a  boiler  having  two  cor- 
rugated flues,  such  as  existed  in  an  ordinary  marine  boiler,  which  led 
into  the  combustion  chamber  and  thence  into  the  ordinary  tubes  of  a 
locomotive  boiler. 

The  Americans  also  had  to  be  credited  with  the  hard  coal  burning 
engine  used  on  the  Beading  Eailway.  This  engine  had  the  '' Wooten" 
fire-box  by  which  the  difficulty  of  burning  hard  coal  slack  was  entirely 
overcome.  Four-fifths  of  the  locomotives  running  on  that  railway  were 
fitted  with  the  Wooten  box. 

He  also  mentioned  a  locomotive  which  Mr.  Wallis  had  brought 
to  his  notice,  and  which  was  purely  an  American  invention.  It  ran 
on  only  one  wheel  of  8  feet  in  diameter  and  about  two  feet  of  which  were 
inside  the  barrel  of  the  boiler.  The  inventor  had  been  asked  whether 
he  had  any  fear  of  the  boiler  spreading  on  account  of  the  gash  in  its  mid- 
dle. The  first  time  it  was  steamed  up  it  opened  3-16  in.  The  second 
engine  of  this  kind,  now  being  built,  has  a  boiler  somewhat  similar  to 
those  used  in  ordinary  fire  engines,  altogether  independent  of  the  wheel. 

He  had  mentioned  these  points  to  show  that  there  was  no  lack  of 
originality  on  the  part  of  Americans,  and  that  they  had  the  courage 
of  their  convictions  by  spending  money  in  building  these  curious 
locomotives.  He  thought  it  would  be  interesting  to  get  particulars  of 
the  engines  mentioned  and  have  them  embodied  in  the  proceedings. 

In  one  of  the  Paris  exhibitions  there  had  appeared  a  locomotive 
designed  and  actually  built  for  Eussia  for  traffic  on  the  ice,  in  which 
the  leading  and  trailing  parts  of  the  locomotive  were  carried  on  sleighs 
instead  of  bogie  trucks,  with  spikes  on  the  periphery  of  the  driving 
wheels.    He  could  not  say  whether  it  had  proved  successful  or  not. 

He  asked  the  chairman  (Mr.  E.  P.  Hannaford)  to  give  them  some 
statistics  showing  how  the  weight  of  the  rails  had  been  increased  to 
meet  the  increased  weight  of  locomotives.  He  believed  the  Permanent 
Way  engineers  were  alive  to  the  necessity  of  doing  so,  and  that  the  weight 
of  rails  had  largely  increased. 
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Hr.  R.  Atkinson  said  that  he  would  hare  to  differ  from  some  of  the  Mr.  AtunBon. 
speakers  who  bad  preceded  him.  He  thought  that  American  engineers 
were  more  oonservative  than  English  engineers.  It  was  hard  to 
get  a  new  feature  tried  on  this  side  of  the  Atlantic.  Webb's  Compound 
Engine  for  instance  was  a  long  time  coming.  There  were  many  things 
«bout  the  American  engine  that  might  be  mentioned  in  connection 
with  the  paper  read,  which  would  show  that  they  were  largely  copies  of 
original  English  locomotives.  To  commence  with,  American  engineers 
claimed  the  wagon-top  boiler  with  the  dome  over  the  fire-box  as  being 
essentially  American.  He  noticed  that  the  '^  Northumbrian  "  running 
in  1830  was  built  in  that  way,  and  this  was  the  general  pattern  of 
George  Stephenson's  engines  right  through.  Bury  of  Liverpool  after- 
wards copied  it  with  a  dome  shaped  firebox  and  a  dome  on  the  top  of 
the  fire-box. 

Another  feature  was  the  frame,  which  was  neither  more  nor  less  than  the 
Bury  frame,  somewhat  modified  in  detail.  If  they  considered  the  truck 
as  being  essentially  American,  he  noticed  that  there  was  a  truck  engine 
designed  in  1830  by  Yignolles  &  Ericsson,  but  whether  it  was  built  or  not 
he  could  not  say,  although  the  design  was  made.  The  truck  undoubt. 
edly,  as  first  applied  on  the  Midland  Railway  of  England,  gave  some 
trouble.  He  understood  that  it  was  not  fixed  in  any  way,  and  being  free 
to  move  sideways,  there  was  considerable  side  motion,  so  that  the  truck 
was  afrerwards  locked  and  became  therefore  a  rigid  centre  truck.  As 
now  built  in  Canada  and  the  United  States  the  truck  had  a  certain 
amount  of  initial  resistance,  which  on  this  side  was  produced  by  in- 
clined links,  which  carried  the  weight  of  the  front  end  suspended  on  the 
truck,  and  in  England  by  springs  put  in  with  a  certain  amount  of  initial 
set  on  them.  He  had  seen  four-wheeled  trucks  designed  for  many 
engines,  but  all  after  the  Adams  principle  for  English  locomotives. 

The  speaker  said  the  equalizing  lever  was  good  with  a  rough 
track,  and  he  had  seen  some  extraordinarily  bad  track  passed  over  in 
safety. 

Beferring  to  details,  he  said  that  the  only  claim  the  Americans  had 
to  the  pop  valve — originally  an  English  invention — ^was  as  to  the  im- 
provements they  had  made  in  it. 

In  coaches  the  Americans  were  now  taking  the  credit  of  having  com- 
menced to  build  steel  frames,  while  in  fact  English  coaches  had  for  years 
been  built  with  solid  iron  frames  below  and  a  light  wooden  superstructure. 
TFhese  instances  he  said  might  be  multiplied  almost  indefinitely.  On  the 
heet  railroad  in  the  United  States,  the  Pennsylvania,  they  were  aban- 
doning iron  bridges  and  going  back  to  stone.     Of  course  there  were 
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many  good  features  in  j^merioan  looomotives,  as  pointed  out  by  Mr. 
Wanklyn,  and  the  speaker  was  takmg  advantage  of  them  as  far  as 
he  oonld.  At  the  same  time,  if  the  matter  were  thoroughly  enquired 
into,  the  efficiency  of  the  American  locomotiye  would  be  largely  dimi- 
nished if  all  the  English  features  were  removed. 

Replying  to  Professor  Bovey's  question  as  to  the  bo^e  truck,  the 
speaker  said  that  his  experience  when  travelling  over  good  roads,  and  on 
engines  with  and  without  the  swivelling  truck  in  front,  was  that  he  had 
not  noticed  much  difference  in  the  riding.  The  Webb  compounds 
he  had  been  on  were  very  shaky,  but  he  did  not  attribute  that  to  the 
absence  of  the  truck.  In  the  United  States  now  they  had  the  straight 
stack  and  high  exhaust  pipe  in  common  use.  This  had  been  copied 
from  English  practice  where  they  had  long  been  in  operation.  The 
extension  smoke  box  generally  accompanied  these  engines  but  not 
always,  and  had  been  tried  on  this  side  several  times  with  varying 
success,  though  it  now  seemed  to  have  become  the  fashion.  The 
necessity  for  extending  the  smoke  box,  it  seemed  to  him,  depended 
greatly  upon  the  fuel  used. 

Other  things,  might  also  be  mentioned.  There  was  a  tendency  in 
Engknd  a  few  years  ago  to  use  a  large  cylinder,  as  in  the  prevailing 
American  practice,  and  among  others  the  Midland  Railway  .tried  it. 
They  had  some  6  fl.  6  in.  coupled  engines  running  with  18  in.  x  26 
in.  cylinders.  These  they  took  out  and  replaced  with  19  in.  x  26  in. 
cylinders,  and  found  they  could  not  run  the  trains  on  time.  A 
few  years  ago  also  the  English  engineers  got  their  boiler  pressure  up 
to  180  lbs.  whereas  they  had  been  previously  running  with  150^ 
and  they  found  it  perfectly  successful  with  smaller  cylinders  for  the 
same  work. 

When  the  speaker  left  England  they  were  running  the  boiler  centres 
about  7  ft.  6  in.  above  the  rails,  which  was  a  high  engine.  On  this 
ride  he  found  the  height  about  6  ft.  8  in.  down  to  6  f^  4  in.  if  it  could 
be  managed.  Then  followed  a  high  boiler  centre,  introduced,  he 
believed,  by  Mr.  James  Meehan  of  the  Cincinnati  Southern  B.  R., 
which  made  a  much  easier  riding  engine,  and  from  that  time  the  idea 
had  caught  like  a  contagion,  so  that  boiler  centres  ha^e  gone  up  as 
far  as  8  fb.  5  in.  in  a  New  York,  Lake  Erie  and  Western  E.  R.  Mogul 
passenger  engine. 

A  few  years  ago  on  this  side  all  the  pistons  were  built  up,  now 
it  was  gradually  becoming  the  custom  to  use  the  solid  head  piston  as 
is  the  prevailing  English  practice.     He  supposed  it  paid  to  do  so. 

With  reference  to  the  injector,  its  invention  undoubtedly  origi- 
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nated  with  the  French,  but  perhaps  the  mort  saooessful  injeotor  was 
the  '^  Antomatio  re-starting," — an  English  inyeotion.  It  was  the  best 
he  had  ever  seen,  and  gave  no  trouble  whatever. 

The  Bamsbottom  ^*  pick-up  "  for  the  water  in  the  tender  was  now 
being  used  on  the  Pennsylvania  R  R.  It  was  sncoessfully  and  ezten- 
sivelj  used  on  the  English  roads. 

Another  new  feature  on  this  side  was  the  piston  valve,  which  he  now 
aaw  largely  advertised  and  placed  before  the  public  as  a  late  American 
invention.  It  was  used  in  Sharpe,  Stewart  &  Co.'s  works  in  Manches- 
ter, England,  12  or  15  years  ago,  and  was  probably  older  than  that. 
The  motion  put  into  American  engines  was  the  Stephenson  motion, 
and  many  of  their  own  engineers  were  of  the  opinion  that  they  could 
not  better  it.  Their  best  engines  had  the  Stephenson  motion,  which 
gave  great  satisfaction.  The  '*  Strong  **  motion  had  recently  been 
introduced  to  gain  power  in  the  latter  end  of  the  stroke  in  the  cylinder 
by  the  evaporation  of  the  steam ;  but  the  power  thus  gained  did  not 
amount  to  anything,  because  by  the  time  the  expansion  had  gone 
through  the  length  of  the  stroke,  if  the  steam  was  not  allowed  to  go 
out,  it  had  to  be  pushed  out  by  the  piston  at  high  speeds.  There  was 
no  gain  in  the  exponsion  of  the  steam  beyond  a  certain  point. 

The  speaker  said  that  the  first  attempt  to  build  double  bogie  engines 
was  made  by  Horatio  Allen  about  1833.  The  only  Fairlie  engines 
that  he  had  seen  working  were  in  North  Wales,  but  he  had  seen  some 
building  in  Sharpens  of  Manchester.  He  did  not  think  Americans 
could  claim  any  priority  in  the  way  of  signaling.  The  Saxby  &  Farmer 
system  was  ahead  of  everything  in  that  line. 

A  gentleman  of  his  acquaintance  having  paid  a  visit  to  England  had 
remarked  on  his  return  that  very  little  was  known  of  railroading  in 
Canada,  and  that  it  was  his  intention  to  repeat  his  visit  in  order  to 
study  the  question  still  more. 

Two  or  three  attempts  had  been  made  to  balance  the  reciprocating 
parts  of  locomotives.  It  was  said  that  an  outside  cylinder  engine  was 
as  steady  as  an  inside  cylinder  engine,  but  he  much  doubted  it. 

If  the  matter  were  gone  into,  he  thought  it  would  be  found  that 
Americans  were  trying  devices  that  had  been  superseded  in  England 
long  ago.  For  his  part,  however,  whenever  any  good  ideas  were 
suggested,  he  gladly  availed  himself  of  them,  irrespective  of  their  origin. 

He  thought  steel  fire-boxes  were  good  and  a  lasting  improvement, 
where  the  fuel  permitted  their  use,  and  also  iron  tubes,  and  he 
supposed  that  the  locomotive  was  not  built  simply  for  the  purpose  of 
hauling  cars  over  the  country,  but  to  make  money.     The  quantity  of 
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ooal  burned  had  to  be  oonsidered  in  designing  a  locomotive.  If  English 
coal  oould  be  bought  here  at  a  paying  prioe,  no  donbt  many  looomotiTe 
devioes  would  be  altered.  There  would  not,  for  instanoe,  be  the  same 
necessity  for  the  extended  smoke  box  and  many  other  contrivances^ 
whOe  the  material  of  the  fire-box  might  also  be  altered. 


Mr.  Barnett.  So  many  historical  papers  are  what  an  editor  calls  ''  padding,"  that 
our  author  is  to  be  heartily  congratulated  on  a  communication  of  so 
wide  an  interest,  and  of  so  much  worth. 

Mr.  Clarke,  in  claiming  for  this  continent  the  merit  of  the  adaptation 
of  the  truck  to  railway  service,  is — as  &r  as  locomotive  practice  is  eon- 
oemed^-only  repeating  the  positive  claim  of  John  B.  Jervis,  who  says 
*'  it  is  due  to  myself  that  the  public  should  understand  that  I  was  the 
inventor,"  it  '^  is  of  American  origin,  and  the  credit  is  due  to  Ameri* 
can  engineering."  (See  his  ''  Bailway  Property, "  p.  170,  first  edit.) 

Our  author's  reference  to  the  use  of  passenger  coaches  carried  wholly 
on  trucks  at  the  opening  of  the  Liverpool  and  Manchester  By.,  settles 
the  matter  for  that  class  of  rolling  stock ;  but  the  illustrative  reference 
to  double  truck  timber  cars  is  not  quite  so  satisfactory.  Aa  an  eye 
witness,  Mr.  George  Barnett,  assures  the  writer  that  these  were  indepen- 
dent cars  with  a  moveable  top  bolster,  secured  at  the  centre  by  a  kingpin, 
so  that  the  cars  and  their  load  of  long  timber  together  made  an  articu- 
lated structure,  in  which  the  so-called  trucks  not  only  revolved  on  their 
kingpins,  but  the  long-stuff  load  could  slide  and  partially  adjust  itself 
on  the  bolsters. 

These  conditions  are,  in  daily  practice,  very  different  from  those  in 
which  the  bolster  and  long  timbers  (that  is  the  side  frames)  are  immove- 
ably  fixed,  and  it  is  evident  that  the  speed  of  haulage  of  timber  so 
loaded  would  be  slow. 

That  Mr.  Jervis  was  familiar  with  this  practice  is  evident  from  his 
letter  to  the  editor  of  the  Americafli  Railroad  Jourmly  under  date  of 
July  18th,  1883,  in  which  he  is  quite  clear  on  the  point  that  the  main 
frame  and  its  driving  wheels  are  to  be  (practically)  an  inflexible  unit. 
This  is  the  essence  of  his  claim — a  long  fixed  or  stiff  foundation  for  the 
engine  that  shall  have  at  one  end  a  flexible  support,  this  support  tend- 
ing to  guide  the  fixed  structure  easily  around  sharp  curves. 

It  is  a  matter  of  surprise  that  Mr.  Jervis  could  see  this  so  distinctly, 
and  yet  fail  to  see  how  vast  the  difference  between  his  claimed  invention 
and  that  of  Bobert  Fairlie,  who  applied  independent  power  toeach  of  tw<v 
trucks.    In  writing  to  Wm.  H.  Brown,  under  date  of  Ju\y  17th,  1870^ 
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he  says  ''  all  that  Fairlie  has  done  is  simply  to  adopt  my  track."  (See 
"  Brown's  Histoiy  of  the  first  locomotive  in  America,"  N.Y.  1874), 

If  Stephenson's  No.  42  was  built,  shipped,  deliyered,  and  working 
npon  the  Saratoga  and  Schenectady  road  with  a  track  in  1831, 
ibis  shoald  settle  the  matter  of  priority;  bat  Mr.  Jervb  datea 
his  letter  of  claim  from  Albany,  N.T.,  in  1833,  rather  a  bold 
proceedii^  if  he  had  not  good  oaase  to  believe  that  the  engines  built 
tinder  his  instractions  were  the  first  engines  in  this  neighbourhood 
using  a  four-wheel-truck.  In  1831  he  says  of  his  first  truck  engine — 
the ''  Brother  Jonathan  " — '<  the  plan  was  prepared  in  the  fall  of  1831, 
and  the  engine  built  at  West  Point  and  placed  on  the  track  of  the 
Mohawk  By.,  in  the  summer  of  1832.  The  boiler  proved  to  be  defec- 
tive, and  he  designed  another  truck  engine  which  was  built  by  G.  Ste- 
phenson, sent  out  and  placed  on  the  Saratoga  By.,  in  the  early  summer 
of  1833  "  (See  «  Bailway  Property,"  p.  169.) 

This  is  the  affirmative  American  case,  and  it  falls  to  the  ground  if 
there  was  a  truck  engine  shipped  from  England  in  the  early  part  of 
1831,  that  is,  previously  to  Mr.  Jervis  making  his  plans  for  the 
"  Brother  Jonathan." 

There  is  another  point  of  view  from  which  the  four-wheel  truck 
should  be  looked  at,  viz.,  its  effectiveness.  Is  it  under  all  conditions 
the  lightest,  cheapest  and  most  serviceable  mechanical  device  for  giv- 
ing flexibility  when  the  conditions  of  service  require  flexibility? 
This  is  not  proven,  and  there  is  evidence  to  the  contrary,  as  witness  the 
use  of  single  wheel  or  pony  tracks  on  this  contment)  and  the  ase  of  the 
radial  single  axle  on  the  European  continent.  One  well  known  type  of 
radial  axle  is  successfully  used  by  Mr.  Webb  on  the  L.  &  N.  W.  By. 
It  is  only  fair  to  Mr.  Jervis  to  say  that  he  does  not  claim  all  the 
merits  for  the  American  locomotive.  He  candidly  states  that,  '^  In  all 
that  relates  to  thorough  buildbg,  and  in  avoiding  tinsel  in  their  engines, 
the  English  are  our  superiors.  It  would  be  much  better  for  us,  if  we 
substituted  wrought  iron  for  much  of  our  cast  iron  material,  and  left 
off  the  brass  ornaments,  which  are  not  in  sound  taste  on  a  machine 
that  is  made  to  perform  work,  and  not  fi)r  show."  And  talking  of  single 
driving  wheels  he  says  :  ^*  In  this  country  an  engine  with  one  pair  of 
drivers  is  rarely  seen.  My  opinion  is,  that  one  pair  of  drivers,  with 
three-fourths  the  weight  of  two,  will  do  the  work  of  two  pair  for  high 
speed,  with  more  ease  to  the  engine  and  less  wear  on  the  track."  (See 
Railway  Property,"  pp.  169-171.) 

If  there  is  one  point  in  American  practice  without  a  smgle  exception 
to  the  rule,  it  is  the  exclusive  use  of  coupled  driving  wheels.    Unique 
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as  this  state  of  a&irs  is,  the  oouplmg  is  not  an  Amerioan  inven- 
tion, for  the  Oheyalier  de  Pamboor,  in  1836,  distinctly  credits  Mr.  J, 
Melling,  Liverpool,  with  its  merit  at  a  date  not  later  tiian  1834. 

No  date  is  assigned  by  Mr.  Clarke  to  the  first  adoption  of  the  equi- 
lizing  beam  in  America.  Mr.  George  Bamett  states  that  the  first  he 
recollects  having  seen  were  on  two  engines  supplied  by  Botiiwell  of 
Bolton  for  tiie  Liverpool  &  Manchester  Ry.,  1838-9.  As  such  beams 
are  not  readily  applied  to  engines  with  single  drivers,  and  coupled 
drivers  were  only  patented  in  the  United  States  by  Campbell  of 
Philadelphia  in  1836  (some  years  after  the  device  had  been  in  use 
by  Melling),  it  is  not  probable  that  equaliser  beams  had  an  earlier 
application  in  America  than  1838. 

So  rare  is  the  use  of  equalizer  beams  on  an  engine  with  single 
drivers,  that  a  current  number  of  tiie  Railway  Gazette,  N.  Y.  (15th 
Feb.),  devotes  an  article  to  its  description  and  recommends  its  use. 

It  is  a  fair  iuference  that  they  were  not  used  on  the  earlier  single 
wheel  engines,  and  that  their  very  general  use  to-day  is  tiie  necessary 
result  of  the  conservatism  of  American  locomotive  practice. 

Xr.  c.  S.'Baker  The  speaker  regretted  tiiat  he  had  missed  the  opportunity  of  hearing 
Mr.  Smitii's  paper  read  and  the  previous  discussion  on  it. 

A  good  deal  of  time  might  profitably  be  spent  in  investigating  the 
early  history  of  the  locomotive. 

A  large  amount  of  information  had  come  out  by  the  mention  of  the 
names  of  different  men  connected  with  the  development  oft  he  locomotive. 

Tears  ago  Crampton's  locomotives,  which  were  specially  designed 
for  speed,  had  attained  a  name  as  a  standard,  and  mention  might  also 
be  made  of  two  other  classes  of  locomotives,  viz.,  those  built  by  Beyer  & 
Peacock  of  Manchester  and  Hawthorn  of  Newcastie. 

He  remembered  seeing  a  locomotive  in  the  exhibition  of  1862  built 
by  tiie  latter  firm  with  a  10  ft.  6  in,  driving  wheel.  The  engine  had 
been  designed  for  speed  and  actually  worked  a  train  at  about  70  miles 
an  hour.  The  us&  of  these  large  wheels  had  died  out  because  of  wear 
and  tear,  adhesion,  weight,  grades  and  other  things,  but  still  the  speed 
had  been  attained  and  the  locomotives  were  of  a  very  high  class. 

He  would  make  a  brief  referrence  to  freight  cars  and  trollies. 
A  good  deal  of  lumber  was  hauled  in  Canada  on  flat  cars,  and  in  the  case 
of  long  timber  t^ie  question  of  swing  centres  and  trollies  had  to  be 
considered.  If  short  cars  were  used  swing  centres  were  not  necessary, 
but  with  cars  30,  35  and  40  feet  long  he  thought  they  were  a  necessity. 
The  trouble  in  carrying  this  lumber  was  the  sharp  curves  which 
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liad  to  be  passed  round,  and  it  was  his  opioion  that  if  40  ft,  lomber 
were  carried  on  two  short  oars  with  fixed  oentres,  they  would  take 
the  curves  better  than  a  long  oar  with  swing  centres. 

Hr.  Sproule  said  that  in  reading  the  articles  printed  about  the  claims  Mr.  Sprouie. 
of  American  and  English  locomotiTes,  and  other  matters,  there  was  so 
much  *'  bluff"  indulged  in,  that  it  was  difficult  for  one  not  an  expert 
in  the  immediate  branch  of  engineering  concerned  to  know  what 
reaUy  were  the  facts.  He  would  like  to  ask  the  mechanical  engineers 
present,  whether  there  were  mechanical  disadvantages  with  the  bogie 
truck  so  serious  as  to  prevent  its  adoption  on  English  lines.  He  could 
see  that  on  a  straight  line  there  would  be  disadvantages  with  a  bogie 
truck,  but  where  there  was  any  curvature  it  would  be  of  groat 
value.  Was  it  purely  obstinacy  on  the  part  of  English  engineers 
that  they  would  not  use  it,  or  were  there  really  good  reasons  for  their 
not  doing  so  ?  For  shunting  purposes  no  doubt  an  engine  with  a  rigid 
wheel  base  was  preferable  and  would  last  longer,  but  he  understood 
from  Mr.  Wanklyn  that  there  were  lines  running  trains  in  England  at 
great  speeds  with  rigid  locomotives.  He  would  like  to  know  if  these  rigid 
locomotives  were  better  for  the  purpose  than  the  same  locomotives  would 
be  with  bogies.  No  doubt  the  development  of  railways  and  particularly 
that  of  the  locomotive  had  taked  plaoe  chiefly  in  England,  where  also 
all  the  great  principles  had  been  first  developed.  He  believed  a  people 
became  inventive  according  to  their  necessities. 

The  locomotives  sent  out  to  the  Orand  Trunk  Bailway  in  1854, 
averaged  in  weight  about  56,000  lbs.,  and  were  four  wheel  coupled  ''  Hannaford 
engines,  some  of  them  having  inside  and  others  outside  connections. 
They  had  bogie  trucks  when  received  from  England.  He  could  not 
say  under  what  circumstances  they  came,  but  they  arrived  during  1854 
to  1860,  and  whether  the  Americans  invented  the  bogie  truck  or  not, 
these  engines  arrived  direct  from  England  with  the  bogies. 

In  the  early  days  of  the  Orand  Trunk,  English  engines  with  rigid 
connections  were  used  on  construction  trains  and  for  ballasting 
purposes,  but  the  passenger  and  freight  engines  generally  had 
the  bogie  truck.  He  had  also  seen  engines  building  in  Birkenhead, 
.England,  which  on  their  arrival  in  Canada  had  the  bogie  trucks  in  front. 

The  heaviest  weight  per  foot  of  wheel  base  for  a  Grand  Trunk 
passenger  engine  was  now  four  thousand,  three  or  four  handred  pounds, 
and  for  shunting  engines  8,200  lbs.  per  foot  run  of  14  ft.  wheel  base, 
being  six  wheels  coupled. 
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He  was  asked  the  other  day  by  the  Michigan  Central  Bailway  Go. 
whether  he  oonld  aooommodate  locomotives  weighing  118,000  Ibs.^  six 
wheels  coupled,  bogie  trucks  in  front,  about  6,244  lbs.  to  the  foot  run 
of  wheel  base,  having  31,300  lbs.  on  each  pair  of  drivers  and  24,000  lbs* 
on  the  bogie  truck. 

In  1884,  when  the  late  Mr.  Grampton  was  in  Canada  he  had  had  the 
pleasure  of  a  good  deal  of  his  company.  The  question  of  locomotives 
came  up,  and  they  met  at  his  house  an  old  gentleman,  who  in  his  early 
days  had  been  altogether  associated  with  locomotives  in  England,  and 
who  referred  with  a  great  deal  of  pride  to  his  seven  years  indenture. 
Mr.  Crampton  referred  the  speaker  to  that  gentleman,  with  the  remark 
that  he  would  be  able  to  tell  him  all  about  10  ft,  driving  wheels  and 
why  they  were  given  up.  Very  bluntly  the  old  gentleman  told  him  that 
10  ft.  wheels  were  given  up  because  of  the  difficulty  in  distributing  the 
weights  and  of  stopping  the  engine  after  it  had  got  under  way.  There 
was  nothing  new  under  the  sun,  and  he  supposed  large  drivers  would 
come  into  use  again  at  some  future  date. 

He  thought  the  limit  to  the  weight  of  the  locomotive  would  be  reached 
when  the  axle  would  not  carry  it,  and  when  the  friction  would  be  so 
great  that  they  would  have  to  reduce  the  weight.  The  wheels  were 
put  as  closely  together  now  as  they  could  be,  and  the  axles  had 
apparently  reached  their  limit.  No  doubt  it  was  economical  to  have 
one  engine  haul  as  large  a  load  as  possible,  but  there  was  danger  in  the 
great  speed  reached  by  heavy  engines. 

It  was  true  the  weights  of  rails  had  been  increased  in  England  and 
the  United  States.  They  had  gone  up  from  65  to  75  and  90  lbs  per 
yard,  but  he  had  found  that  the  rails  of  65  lbs«  put  down  19  years  ago 
would  outlast  more  recent  and  heavier  rails. 

There  were  difficulties  all  round,  and  the  permanent  way  engineer 
and  the  locomotive  engineer  were  two  distinct  types  of  humanity,  vary- 
ing as  much  as  two  distinct  types  of  locomotives. 

Mr.  AtUnaon.  ^^  ^^P^^  ^  ^  question,  the  heaviest  passenger  engine  in  general 
service  the  speaker  knew  of  was  the  Michigan  Central  Eailway 
engine  with  ten  wheels  having  about  94,000  lbs.  on  the  six  drivers. 
But  this  was  by  no  means  the  limit  as  to  weight  per  wheel.  Some 
6  or  7  years  ago,  the  generally  accepted  limit  of  the  weight  per 
V7heel  of  the  American  engine  was  15,000  lbs.,  but,  after  severely 
condemning  English  practice,  some  of  their  designers  had  gone  up 
to  19,500.  One  of  these  engines  was  on  the  New  Tork,  Lake  Erie 
and  Western  Bailway,  of  which  Mr.  J.  W.  Goud  was  the  Master 
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MeohaDic.    As  well  as  he  oould  remember,  the  wheel  base  was  8  ft. 
6  in.,  whieh  would  give  78,000  lbs.  on  the  fixed  wheel  base. 

The  London,  Tilbury  and  South  End  By.  engine  was  built  at  Sharpe,. 
Stewart  &  Co.'s  works,  Manchester,  England,  and  weighed  according  to 
the  weights  given  there  56  tons  in  working  order.  He  remembered  the 
engine  well,  as  he  had  worked  upon  it. 

He  thought  credit  was  not  given  to  the  right  person  for  the  large 
grate  for  burning  anthracite  coal.  He  believed  the  Americans  claimed 
it  for  James  Mullholland  of  the  Philadelphia  and  Reading  R.  R.  He 
had  heard  the  Wooten  engines  were  being  taken  off  the  Beading  roads. 

He  understood  that  the  bottom  of  the  boiler  was  pocketed  when  the 
driving  wheel  went  up  to  9  ft.  6  in .  in  the  E  nglish  locomotive.  It  should 
not  be  forgotten  that  there  had  been  a  great  leaning  towards  small 
driving  wheels  in  American  Locomotives,  but  it  was  now  being  recog- 
nized that  it  did  not  pay  to  run  a  5  ft.  driving  wheel  on  engines  working 
fast  passenger  trains,  and  in  consequence  wheels  had  reached  6  ft.  and  • 
6  ft.  3  m  diameter.  The  English  practice  might  eventually  be  followed 
in  that  particular  also. 

The  author  feels  very  gratified  at  the  bteresting  discussion  which  Mr.yemon  smitik 
has  been  elicited.  There  are  doubtless  many  shortcomings  and  some 
mistakes  in  the  paper,  which  was  intended  not  so  much  as  a  history 
of  locomotive  improvements,  as  a  defence  of  what  he  considers  the 
claims  of  bis  countrymen  for  certain  developments  now  generally  accepted 
as  important  factors  in  the  modem  engine.  There  are  many  ingenious 
appliances  desirable  in  locomotive  practice  for  which  American  engineers 
deserve  all  the  credit,  but  it  certainly  appears  that  the  earlier  steps  in 
railway  development^  especially  the  items  chimed  in  Scribner's  Maga- 
zine, are  not  of  the  number.  For  the  correction  of  errors  pointed  out  by 
Mr.  Aspinall,  Mr.  Wallis,  Mr.  Chadwiok,  and  others,  the  author  is 
ihankful,  while  for  the  solid  information  from  Mr.  Riches,  Mr.  Atkin- 
son, and  most  of  the  speakers,  the  Society  as  well  as  the  author  is 
under  obligations. 

With  respect  to  the  use  of  the  bogy  frame  or  truck  upon  the  Mid- 
land Railway  in  England  the  following  explanation  must  be  made. 
The  Midland  was  formed  by  the  amalgamation,  May  10th,  1844,  of  the 
former  North  Midland,  Midland  Counties,  Derby  and  Birmingham 
and  Sheffield  and  Botherham  Railways,  to  wbich  shortly  afterwards  the 
Birmingham  and  Oloucester  and  other  lines  were  added,  and  from  these 
different  lines  about  200  locomotives  of  every  form,  shape  and  variety^ 
were  put  into  the  common  stock.  A|nong  the  others,  the  Birmingham  and 
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GloQoester  contribnted  about  50  eDgines,  of  which  some  20  were  bogy 
engines.  This  line  opened  in  part  for  traffic  June  24th,  1840,  at  which 
time  there  were  12  engines  on  the  line,  8  of  which  had  been  imported 
from  Norris  &  Co.,  of  Philadelphia,  the  *' England,"  "  Philadelphia," 
*^  Columbia,"  ''Atlantic,''  etc.     With  the  exception  of  one,  which  was 
larger,  they  all  had  10^"  x  18''  cylinders,  with  4'  0  driving  wheels,  and 
four  2'  6"  track  wheels.    The  other  four  on  the  line  were  six  wheel 
outside  cylinder  English  engines  with  an  outside  sandwich  frame  built 
by  Forrester  of  Liverpool.    The  engineer  of  this  railvray.  Captain 
Moorsom,  who  was  connected  with  the  Norris  family  by  marriage  and 
spent  much  of  his  time  in  America,  loudly  extolled  the  working  of  his 
American  engines,  on  which,  at  that  time,  there  was  an  import  duty 
of  20  per  cent.     Subsequently  other  ^^bogy"  engines,  built  in  England 
by  Lancashire  builders,  on  the  plan  of  the  American  engines,  were  added 
as  well  as  others  of  a  different  type,  so  that  by  1846,  when  these  came 
into  the  hands  of  the  Midland,  there  were  about  50  engines  on  their 
books.      No  engines  worked    more  inefficiently  or  disappeared    more 
quickly.     Of  the  few  bogy  engines  left  in  1849,  afber  an  average  life 
of  7  years,  about  four  were  altered  into  four  wheel  tank  engines  for  shunt- 
ing, and  in  1851  not  one  of  the  original  Gloucester  engines  could  be 
traced  in  the  then  Midland  stock,  excepting  8  which  were  put  on  in 
1845  and  1846,  and  which  were  not  bogy  engines.     After  1846  until 
the  Midland  reached  London  and  ordered  from  Beyer  Peacock  the 
Underground  engines,  the  author  believes  he  is  correct  in  saying  that 
there  were  no  bogy  engines  in  use  on  the  Midland,  and  with  the  excep- 
tion of  the  Underground  engines  and  a  few  express  engines,  he  does 
not  think  there  are  very  many  now. 

With  reference  to  Mr.  Chadwick's  interesting  remarks  about  the 
early  engines  of  the  Liverpool  and  Manchester  and  Leicester  and  Swan* 
nington  railways,  he  is  in  error  about  there  having  been  two  Rockets. 
The  old  celebrated  Eocket  was  the  only  one  of  the  name.  Having 
cylinders  of  only  8-in.  x  18'in.  it  was  too  small  for  the  Liverpool  and 
Manchester,  and  was  sold  to  Mr.  Thompson  of  Earkhouse.  Previously  ■ 
to  going  on  to  his  railway,  it  was  very  much  altered  at  Newcastle,  the 
cylinders  being  placed  more  horizontally  as  the  motion  of  the  sprii^ 
had  a  serious  effect  upon  the  slide  valves  and  altered  the  distribution 
of  the  steam.  The  engine  ran  for  Mr.  Thompson  for  a  number  of 
years,  and  before  being  sent  to  Kensington  Museum  the  angle  of  the 
cylinders  was  again  altered  to  make  it  as  nearly  like  the  original  Rocket 
as  possible. 

In  1832,  Stephenson  built  the  Comet  and  the  Phoenix  for  the  Lei- 
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oester  and  SwanningtOD,  having  12  in.  x  16  in.  cylinders  with  4  ft.  6  in. 
oonpled  wheels.    Both  these  engines  were  subsequently  sold,  the  Comet 
first  to  Mr.  Smart,  a  contractor,  and  then  to  the  anthor  for  theBabbing- 
ton  Colliery  railway,  where  it  ran  till  it  was  broken  up.     This  was  a 
▼ery  complicated  engine,  and  does  not  appear  to  have  ever  been  altered. 
The  cylinders  were  very  low,  the  piston  rods  working  at  an  angle 
underneath  the  leading  axle.    There  were  only  13  bearings  to  oil 
on  the  crank  shaft,  for  there  were  two  ontside  bearings  in  the  main 
frame,  three  inside  bearings,  one  in  the  centre,  and  one  inside  each 
wheel  with  a  spring  on  the  axle.     There  were  the  two  main  connect- 
ing rods  on  the  inside  cranks  and  two  coupling  rods  on  the  outside 
cranks,  and  besides  these  there  were  two  dummy  connecting  rods  fixed 
one  on  each  side  of  each  cylinder,  with  brasses  in  the  big  end,  keyed  up 
to  the  axle  on  each  side  of  each  crank.     The  engine  was  worked  by  two 
loose  eccentrics  which  were  driven  for  the  forward  and  backward  work> 
ing  each  by  two  dogs,  one  on  each  side  of  the  eccentric,  which  engaged 
the  eccentric  by  moving  longitudinally  on  the  axle,  the  projecting  dog 
passing  into  a  square  hole  in  the  eccentric  sheave  after  the  engine  was  in 
motion.    To  start  the  engine  there  was  a  lever  attached  to  each  slide 
valve  by  which  they  were  worked  by  hand,  and  then  a  third  lever 
slipped  in  the  proper  dog  to  drive  the  eccentrics  when  the  projection  of 
the  dog  was  opposite  to  the  hole  into  which  it  fitted.     As  this  hole 
could  not  be  seen  amongst  the  mass  of  moving  and  stationary  connecting 
rods  it  sometimes  was  a  difficult  thing  to  get  the  engine  to  work.     A 
man  seemed  to  want  a  third  hand,  as  aU  three  levers  required  moving 
to  start  the  engine. 

In  reference  to  early  locomotive  building  there  is  no  firm  that  de* 

serves  more  honourable  mention  than  the  Hawthorns  of  Newcastle.  Their 

shop,  situated  next  to  that  of  Stephenson,  with  only  a  brick  wall  between^ 

is  nearly  as  old.    If  Stephenson  built  Nos.  1, 2  and  3  on  the  old  Stockton 

and  Darlington,  the  numbers  immediately  following  from  6  upwards  were 

the  Hawthorns  engines,  and  of  the  earlier  engines  of  that  line  the  Corona* 

tion,  Wilberforce,  Swift  and  Sunbeam  were  amongst  the  most  saccessful. 

The  Hawthorns   also  built  the  Hurricane  in  1837  with  10  foot  driving 

wheels  to  carry  out  Bruners  idea  of  immense  speed,  and  when  no  larger 

wheels  could  be  designed,  they  built  the  Thunderer  with  6  foot  coupled 

wheels  geared  3  to  1  so  as  to  be  equivalent  to  an  18  foot  wheel.     The 

Thunderer,  like  the  Hurricane,  was  short  of  power.    The  latter  could 

take  two  of  the  smaller  Great  Western  carriages.     The  Thunderer 

objected  to  more  than  one,  and  did  better  without  any. 

To  ths  Hawthorns'  inventions  many  of  the  recent  locomotive  designs 
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may  be  traced,  as,  e.g.,  the  Fontaine  engine,  which  is  is  clearly  the  oat- 
come  of  the  Thunderer.  They  also  introduced  the  perforated  steam 
pipe  taking  steam  all  along  the  boiler  and  saving  the  dome.  They 
used  return  tubes  through  the  steam  space  to  superheat  the  steam, 
the  chimney  being  at  the  back  of  the  engine  over  the  firebox,  and 
ihey  gave  the  first  idea  of  the  Joy  gear  by  dispensing  with 
eccentrics  and  driving  the  valve  motion  from  a  pin  in  the  connecting 
rod.  They  greatly  simplified  many  of  the  details  of  the  locomotive, 
and  were  the  first  to  use  four  eccentrics  and  only  one  lever  to  do  all 
the  reversing.  Another  great  name  that  ought  to  be  mentioned  is 
that  of  Bury,  nor  should  his  partner  Kennedy  be  forgotten. 

It  must  always  be  remembered  that  as  1825  is  the  date  when  rail- 
ways assumed  their  present  shape  and  modem  rudiments,  so  1830  is 
the  year  from  which  the  modem  locomotive  really  dates,  and  that  not 
the  Eocket  but  the  Planet  is  the  type  and  base  of  the  present  engine. 
It  is  difficult  now  to  decide  to  whom  the  leading  features  of  the  Planet 
Are  due.  The  enormous  working  expenses  of  the  early  engines,  includ- 
ing the  Socket,  and  the  Liverpool  and  Manchester  engines  like  her, 
left  but  little  improvement,  excepting  as  to  speed,  in  the  locomotive  over 
horse  traction,  and  no  advantage  whatever  over  rope  traction.  Hack- 
worth's  "Globe"  engine,  Stephenson's  Planet  and  Bury's  Liverpool 
all  made  their  in  appearance  in  1830,  and  were  the  three  first 
horizontal  cylinder  engines  that  were  built.  They  all  embodied  the 
ideas  of  the  present  locomotives,  and  Bury's  engine  was  closely 
copied  both  by  Norris  and  Baldwin,  the  first  practical  American 
builders.  Hackworth's  "Globe"  saved  the  locomotive  from  being 
"bounced" from  the  Stockton  and  Darlington,  as  up  to  her  time, horses 
were  the  cheaper  and  more  reliable  power,  but  the  Planet  enabled 
builders  to  tum  over  a  new  leaf  and  produce  an  engine  that  was  some- 
thing better  than  an  expensive  toy. 
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^aper  No.  29. 

WORK  SHOPS, 

their  design  and  construction. 
By  J.  Davis  Barnett,  M.  Can.  Soc.  0.  E. 

The  author  wishes  to  record  a  few  notes  on  the  design  and  construc- 
tion of  railway  shops,  and  purposes  not  only  to  treat  of  the  peculiarities 
that  mark  those  of  North  America,  but  also  to  contrast  some  features 
with  European  practice,  and  if  possible  to  indicate  what  is  and  what 
may  be  the  modem  development  and  progress  in  this  art. 

location. 

A  natural  starting  point  is  the  location  of  the  shops  with  reference  to 
the  terminal  stations  of  the  railway,  and  to  some  large  town  ]  also  the 
<cboiceof  land  and  its  amount.  A  statement  of  the  best  American 
practice  in  this  matter  is  given  by  Mr.  C.  Paine  in  the  chapter  on 
^' Shops  and  Engine  Houses"  in  his  ^'Elements  of  Bailroading.''  A 
point  he  strongly  emphasizes,  that  more  than  enough  land  should 
At  first  be  purchased  (even  if  afterwards  it  is  sold  as  building  lots), 
will  receive  a  unanimous  endorsement. 
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FOUNDATIONS. 

It  would,  for  the  present  purpose,  be  a  waste  of  time  to  enumerate- 
those  matters  common  to  all  dry,  solid  and  effective  foundations,  but  it 
may  be  remarked  that  in  Northern  climates,  it  is  better  that  the  sides  of 
foundation  walls  and  piers  be  sloped  rather  than  stepped,  bo  as  to* 
prevent  as  much  as  possible  the  earth  gripping  the  waU,  as  it  expands 
under  the  action  of  frost. 

When  the  main  supports  of  the  overhead  weights — ^such  as  roof-princi- 
pals, crane-tracks,  sha^ng,  etc.,  are  iron  pillars;  and  ^'  made  ground  " 
covers  to  any  depth  the  natural  foundation  bed,  the  comparatively  low 
price  of  iron  has  proved  it  to  be  economical  to  build  short  foundation 
piers,  and  to  allow  the  iron  pillars  to  run  down  below  floor  level,  to  the 
piers,  instead  of  carrying  up  the  piers  to  floor  level,  the  pillars  being 
socketed  into  broad  cast-iron  bases,  bedded  in  cement. 

Pillar  footings  and  column  bases,  when  above  floor  level,  are  usually^ 
bedded  on  rolled  sheet  or  melted  pig  lead.  The  author  is  of  the  opinion 
that  the  running  in,  between  base  and  cope  stone,  of  a  fine  cement  grout,, 
would  be  quite  as  neat  and  effective,  and  certainly  cheaper.  Less  con> 
centrated  weights,  such  as  stationary  engme  and  pump  beds,  and  the 
footings  of  heavy  machine  tools,  are  satisfactorily  bedded  on  their 
foundations  with  melted  stick-sulphur. 

Another  instance  of  iron  being  used,  to  reduce  the  first  cost  of  foun* 
dation,  may  be  seen  in  the  new  erecting  shop  of  the  Grand  Trunk 
By.  at  Stratford,  where,  instead  of  making  continuous  walls  to  carry 
the  rails  supporting  the  traverser  table,  it  was  found  less  costly  and 
quite  as  efficient  to  build  disconnected  piers,  and  span  them  with 
wrought  iron  beams  of  I  section,  which  carry  the  rails  laid  upon  them 
longitudinally,  and  support  the  flooring  laid  transversely. 

WALLS. 

It  is  advisable  to  emphasuse  the  apparent  waU  construction ;  a  good 
shop  looks  substantial.  This  is  best  accomplished  by  using  bold  pilas- 
ters or  large  piers  to  receive  all  roof  and  floor  beams,  setting  them  so 
that  they  stand  out  prominently,  and  spanning  the  panel  between  them 
with  comparatively  thin  bonded  walls,  free  from  bats,  if  of  brick. 

This  method  of  straight  lines  and  prominent  of&ets  not  only  satisfies 
the  eye,  but  is  of  pronounced  value  in  localizing  and  absorbing  the  vibra- 
tions received  firom  the  roof  or  machinery,  and  closer  attention  to  these 
matters  would  result  in  our  shops  having  a  less  tame — ^a  less  ugly~-> 
appearance,  and  a  longer  safe  life.  The  permitted  outlay  on  such  new 
works  rarely  admits  of  the  wall  surface  being  broken  into  ornamental 
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lines,  or  varied  in  color;  but  it  is  always  possible  to  make  a  sirong^ 
bony  skeleton,  whose  very  angularity  will  instinctively  satisfy,  by^ 
appearing  to  be  quite  equal  to  its  special  duty . 

ENQINS  HOUSES  OB  LOOOHOTiyE  SHEDS. 

Intended  for  little  else  than  the  temporary  storage  of  locomotiyes, 
engine  houses  in  America  vary  more  in  first  cost  and  permanence  of 
material  used,  than  in  type  of  design.    The  ordinary  arrangement  ia 
plan    is  an  annulus  or    segment  of  an    annulus — ^whose    centre  is 
that  of  the  unroofed  turntable,  giving  access  to  the  radial  tracks  each 
leading  into  a  single  locomotive  stall.     The  economics  in  the  construc- 
tion of  the  annulus  are  :  either  a  narrow  span  of  trussed  ridge  roof ; 
or  a  so  called  flat  roof  (angle  5^),  offering  little  obstruction  to  wind,  and 
permitting  the  use  of  an  inexpensive  roof  covering:  low  walls — the  roof 
timbers  are  sometimes  lower  than  the  top  of  the  engine  chimney — and  a 
short  length  of  wall,  as  it  is  limited  to  the  ends  and  outer  ring,  the  inner 
ring  being  formed  by  the  wooden  door  and  door  posts.    A  flat  roof  sup- 
ported by  pillars  gives  a  very  stiff  building  for  the  limited  amount  of 
material  used,  and  if  sloped  inwards,  the  roof  drainage  is  a  simple  matter. 
The  stack  of  the  locomotive  naturally  going  to  the  higher  part 
of  the  building  brings  its  front  end  close  to  the  outer  wall  containing^ 
the  windows,  so  that  the  most  light  is  received  where  it  is  needed — on 
the  moving  parts  of  the  machine. 

Extending  back  into  sparsely  settled  districts,  as  do  many  of  the  new 
railways  on  this  continent,  the  primary  consideration,  in  the  erection  of 
their  buildings  is  low  first  cost,  a  future  development  of  traffic,  being 
relied  upon  to  provide  the  revenue  for  erecting  permanent  structures. 
Hence,  segmental  engine  houses  of  wood,  with  flat  gravel-covered  roofs 
are  common,  and  if  the  materials  for  the  ashpit,  and  its  drainage,  do 
not  prove  unusually  expensive,  they  can  be  built  for  $860  per  stall,  th^ 
foundation  consisting  of  cedar  posts,  6  or  8  feet  apart,  carrying  a  mud 
sill,  on  which  rests  a  pine  frame  of  6  to  8  ins.  square  scantlings,  the 
roof  being  single  sheeted  with  1  or  1^  in.  tongued  boards,  and  coated 
with  paper  felt,  tar  and  gravel ;  the  ashpit,  25  ft.  long,  being  of  brick 
or  stone,  and  one  iron  smoke-jack  being  provided.  The  shell  of  a 
similarly  roofed  building  with  brick  walls  and  stone  foundation  costa 
about  11000  per  stall. 

It  was  common  some  years  ago  in  northern  climates  to  sheet  with 
inch  boards  on  both  sides  of  the  scantling,  and  to  fill  in  between  with 
sawdust.  This  hastened  decay  by  holding  water  and  vermin,  and  the 
better  practice  now  prevails  of  putting  both  sheetings  outside,  with 
tarred  felt  or  thick  paper  between  them.    The  use  of  clapboards  or 
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shingles  for  outside  sheeting,  mach  improves  the  otherwise  primitive 
appearance  of  sueh  an  engine  house. 

The  more  permanent  structures  of  this  class  are  of  brick,  and  those 
of  modem  date  have  roof  principals,  rafters  and  deck  ridge  beams  of 
wrought  iron  throughout ;  the  covering  being  of  slate,  preferably  of 
small  sise,  8  by  16  or  9  by  18,  with  a  quick  angle  or  slope,  at  least  equal 
to  ^  of  span,  which  is  never  less  than  66  ft. 

In  Canada,  slate  is  rarely  used  for  shop  roof-coverings.  Mr.  J.  W. 
Harkom  (Member)  informs  the  Author,  that  he  has  used  N^ew-Rook- 
land  slate  on  an  engine-house  in  Maine  for  five  winters  without  repair 
being  needed,  and  he  is  familiar  with  roofs  that  have  been  covered  with 
it  for  ten  years,  that  show  no  injury  from  frost.  Our  native  slates  are 
very  compact, — a  point  greatly  in  their  favor.  A  report  of  the  State 
(xeologist  for  Vermont  shows  that  the  slate  in  this  neighborhood  has  a 
water  absorption  (under  vacuum  test)  of  but  ^y  of  its  weight.  Mr. 
Harkom  also  mentions  a  successful  experiment  he  carried  out  at 
Arthabaska,  with  the  object  of  getting  rid  of  the  icicles  that  form  at 
eaves,  due  to  melting  from  heat  communicated  through  the  roof  slating. 
He  double-boarded  or  sheeted  on  the  purlins,  and  then  laid  wood 
strips  1^  by  1  inch  thick  on  top,  at  proper  distances  apart,  to  which 
strips  the  slates  were  nailed.  The  air  space  below  secures  fairly  equal 
temperature  on  both  sides  of  the  slate,  thus  preventing  the  excessive 
eave  icicles  common  to  slate  covered  engine-houses. 

The  fire  risk  from  a  roof  covering  of  shingles — set  in  cement  and  oc- 
casionally lime-washed, — is  very  slight ;  in  fact  in  high  winds,  with  many 
live  sparks  flying  about,  it  is  probable  that  shingles  so  treated  are  safer 
than  slate. 

A  liberal  surface  of  glass  is  provided  in  the  outer  ring  wall.  Sky- 
lights flush  with  roof,  being  difficult  to  keep  clean  both  inside  and  out, 
are  of  little  use;  and  the  small  portion  of  each  large  door  (forming  the 
inner  ring)  that  can  be  fitted  with  windows,  makes  it  necessary  to 
depend  largely  on  the  outer  ring  wall  for  natural  light. 

As  to  the  number  of  engine  stalls  required,  any  railway  in  a  mode- 
rate climate,  having  an  engine  house  capacity  equal  to  60  per  cent,  of 
its  locomotive  stock,  is  well  equipped  ;  many  American  railways  being 
content  with  50  per  cent. 

In  Great  Britain  a  very  common  form  of  engine-house  is  the  longitu- 
dinaly  with  parallel  through  tracks,  and  exit  at  both  ends.  Their 
capacity  varies,  rarely  exceeding  80  engines.  The  roof  is  usually  of  the 
saw  tooth  pattern,  a  series  of  narrow  spans,  supported  by  hollow  iron 
pillars,  forming  conduits  for  the  water  from  gutter  in  roof  valley  to 
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under  ground  drains.  The  roof  is  hipped  unequally,  favorite  angles 
being  60  ^  and  30  ^ ,  and  that  side  more  nearly  vertical  is  glaied 
with  f  inch  rolled  or  rough  plate,  and  if  possible  is  arranged  to  face 
North,  so  as  to  give  a  good  light  equally  diffused  throughout  the  wide 
building,  without  too  much  inconvenience  from  the  direct  rays  of  the 
sun.  Snow  and  frost  prevent  the  saw  tooth  roof  being  used  in  Canada, 
(the  Author  not  knowing  of  a  single  example  on  this  continent  north  of 
<he  State  of  New  Jersey,)  hence  our  roofs  are  of  single  slope  Q^  flat*') 
or  single  ridge  of  quick  pitch,  and  as  skylights  have  but  a  partial 
efficiency,  the  necessity  for  securing  light  from  the  side  walls  limits 
the  width  of  a  longitudinal  engine-house. 

An  excellent  example  of  this  type  of  house  built  by  The  Orand 
Trunk  Ry.  at  Montreal,  is  76  ft.  wide  by  282  ft.  long,  with  five  parallel 
tracks  through  it,  giving  liberal  accommodation  for  25  long  tender- 
engines.  Any  increase  in  capacity,  could  only  be  obtained  by  lengthen 
ing  the  building  and  tracks,  which  increases,  out  of  all  ratio,  the  difficulty 
of  working  the  longitudinal  type  of  house.  This  difficulty  is  the 
trouble  and  extra  movement  of  other  engines  necessary  to  get  a  locomo- 
tive out  and  ready  for  service,  should  one  on  the  same  track  in  front 
of  it,  be  undergoing  for  a  few  hours  such  light  repairs,  as  the  renewal 
of  truck  wheels,  that  prevented  it  from  being  moved  until  the  work  is 
completed.  American  criticism  says  that  this  is  the  main  defect  in 
the  longitudinal  type  of  house.  It  does  not,  however,  in  daily  practice 
prove  to  be  as  awkward  as  it  looks,  if  definite  tracks  are  reserved  for 
such  repairs  apd  for  such  engines  as  have  to  keep  '^  shed-day  ''  while 
their  boilers  are  being  washed  out,  and  if  the  house-men  (engine 
turners)  learn  what  part  of  the  house  each  engine  should  go  to,  before 
attempting  to  put  it  under  cover. 

Exit  at  both  ends  of  such  house,  cannot  be  obtained  where  the 
yard  room  is  limited.  At  Cardiff,  on  the  Taff  Yale  Ry.,  England,  the 
Locomotive  Superintendent,  being  compelled  to  have  one  end  of  his  new 
^gine  house  blank,  put  in  the  middle  of  its  length  a  traverse  pit  and 
table,  crossing  its  ten  tracks  and  then  passing  out,  through  a  pocket  ou 
side  wall,  to  a  parallel  siding  in  the  yard.  This  gives  practically  three 
exits,  with  exceptional  economy  in  space.  (See  Proceedings  Inst.  C.  E., 
Aug.,  1884,  p.  243.) 

The  Great  Western  Ry.  of  England  has  in  many  of  its  engine 
houses,  combined  both  the  longitudinal  and  the  radial  systems  under 
one  continuous  hip  and  valley  roof,  and  the  North  Eastern  Ry.,  England, 
had  such  a  preference  for  the  radial  system,  that  five  turntables  were 
put  under  one  roof,  280  ft.  wide  by  450  ft.  long,  giving  stallage  for  95 
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engines.  This  is  an  extreme  case  and  is  probably  unique,  although  io 
passing,  it  may  be  noted,  that  the  late  Howard  Fry,  in  designing  the 
extensive  workships  for  the  West  Shore  Eailway  at  Frankfort,  N.  Y.^ 
laid  them  out  so  that  the  smithy,  boiler-shop,  foundry,  erecting 
and  machine  shop  stand  radially  to  an  open  turntable.  Having,  how- 
ever, unlimited  land  at  his  disposal,  the  tracks  from  the  outer  ends 
of  these  buildings  are  connected  by  easy  curves  to  the  yard  sidings,  so 
that  a  failure  of  the  turn-table  or  the  blocking  of  its  pit  will  not  neces* 
sarily  lock  up  all  entrance  to  these  shops,  such  being  the  case  with  the 
tracks  in  an  engine  house,  which  converge  on  a  central  turntable  as  their 
sole  means  of  exit.  The  Burlington  and  Missouri  River  Ry.  at  Platts- 
mouth,  Neb.,  also  has  most  of  its  shops  in  the  shape  of  segments  of  an 
annulus  centering  on  one  turntable. 

The  best  radius  of  track  ou]rve  is  an  unknown  quantity,  but  the  New^ 
York  Central  Ry.  safely  uses  curves  as  quick  as  160  feet  radius  for 
their  city  freight-house. 

The  author  would  strongly  endorse  the  longitudinal  type  of  engine 
house.  It  is  eminently  serviceable  where  a  large  numb3r  of  engines  have 
to  be  turned  out  almost  together  in  the  busy  portions  of  the  day.  An 
English  officer,  daily  handling  about  400  train  engines  at  one  ter- 
minal, in  comparing  the  two  systems,  said,  that  if  turntables  con- 
trolled the  exit  of  his  engme  houses,  he  believed  it  would  be  impos- 
sible for  him  to  get  the  engines  out  on  time  for  their  trains,  evea 
with  additional  space  and  men  placed  at  his  disposal. 

And  this  type  as  readily  suits  small  establishments.     An  engine- 
house  recently  erected  by  the  Grand  Trunk  Ry.  at  Lindsay  (under  the 
supervision  of  the  Author)  is  250  by  62  fb.    It  has  two  through  tracks, 
with  continuous  ash-pits  for  10  running  engines,  one  through  track  for 
engines  under  repair,  being  washed  out,  or  waiting  under  steam  between 
trains.     Parallel  with  the  windows  of  one  side  wall,  are  two  stationary 
boilers  with  overhead  apparatus  for  sand  storage  and  drying,  three  smiths 
and  other  fires,a  stationary  engine,  a  force  pump  with  underground  water 
supply  tank,  and  still  continuing  in  line  with  the  shop  and  main  shafting, 
are  wheel  lathes  and  other  iron  working  machinery,  the  fitters'  benches, 
and  the  wood  working  tools  and  benches,  followed  by  foreman's  office^ 
clerks' office,  and  a  two  storied  storeroom,  with  oil  tanks  below  ground, the 
whole  resulting  in  a  cheap  compact  arrangement,  every  foot  of  floor  space 
being  used,  while  every  corner  and  detail  is  well  under  the  eye  of  the 
foreman.     The  tracks  in  yard  form  a  triangle  (or  Y,  as  it  is  called) 
and  a  turntable  with  its  pit  is  dispensed  with,  thus  getting  rid  of  one^ 
source  of  probable  failure  and  delay  in  getting  engines  out  "  on  time." 
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Many  engine  houses  are  now  equipped  with  a  continuous  pipe  1|> 
or  2  inches  diameter,  having  branches  to  each  stall  and  flexible  couplings 
to  each  engine.  Its  uses  are  various.  The  steam  and  water  from  a 
boiler  to  be  "blown  off  "  and  washed  out,  are  sometimes  used  to  heat 
the  water  with  which  the  washing  out  is  to  be  done.  The  pipe  may 
be  passed  into  a  boiler  of  cold  water,  so  as  to  shorten  the  time  in 
raising  steam  after  a  washed  out  boiler  is  refilled,  and  sometimes,  it 
is  connected  with  the  jet-blower  at  base  of  locomotive  chimney, 
and  the  steam  used  in  creating  a  draft  to  quicken  up  the  newly 
lit  fire.  The  two  latter  arrangements  prevail  where  an  injector  or 
inspirator  is  used  to  give  the  washout  water-pressure. 

OIL  Honss. 

A  special  feature  of  American  engine-houses, — the  outcome  of  the 
extensive  use  of  mineral  oil  for  lubrication  as  well  as  for  light — is  a 
detached  oil  house ;  a  fire-proof  brick  structure  with  iron  roof,  roof 
covering  and  shutters,  and  concrete  or  asphalt  floor.  Underneath 
it  (below  track  level)  are  iron  storage  reservoirs,  with  inlet  pipes  so 
arranged  that  oil  received  in  bulk  can  gravitate  from  the  tank-car 
into  any  one  of  them,  from  whence  it  is  lifted  by  hand  or  steam  pump 
into  small  tanks  on  upper  floor,  and  is  drawn  thence  by  tap  for  engine 
aod  train  use. 

The  concrete  floor  is  at  level  of  car-floor,  or  about  4  ft.  2  in.  above 
rail  level,  to  facilitate  small  shipments  to  out-stations,  which  in  the 
more  perfect  equipments  is  by  means  of  circular  iron  tanks  holding  60 
gallons.  The  oellarage  around  storage  tank  and  the  house,  is  warmed 
by  steam  pipe  from  outside,  and  the  artificial  light  is  gas,  or  as  at  Indian- 
apolis, electric,  no  lamp  or  torch  being  admitted. 

SAND  HOUSE. 

The  sand  used  to  increase  the  adhesion  of  locomotive  wheels  would 
at  first  sight  seem  to  be  too  small  an  item  to  require  specific  attention ; 
but  eight  or  ten  tons  is  a  daily  issue  at  central  stations.  At  Columbus, 
0.,  the  sand  store,  having  a  capacity  of  1,000  tons,  is  a  neat  wooden 
building  with  hinged  shutters  at  top  of  walls,  set  so  as  to  permit  the  air 
to  assist  in  sand-drying ;  and  the  floor  is  of  dry  brick  set  on  edge,  with 
tile-drain  below.  When  required  for  use,  the  top  layer  of  sand  is 
shovelled  into  hoppers,  containing  live  steam  pipes  one  inch  diameter- 
and  spaced  two  and  a  half  inches  apart;  when  dry  it  falls  through 
bottom  opening  on  to  a  concrete  floor. 

The  Grand  Trunk  By.  has  recently,  by  hand  power,  belt  and  bucket 
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elevaton,  lifted  the  dry  sand  into  overhead  reservoirs,  from  whence  it 
is  allowed,  through  hose  and  molasses  gate,  to  deliver  directly  into  sand- 
box on  top  of  locomotive  boiler. 

COAL  SHUTS8,   XTO. 

Equipment  for  coal  delivery  to  Tender  may  be  passed  over  (the 
author  having  treated  on  this  matter  at  large  elsewhere),  also  the 
details  of  water  supply  and  delivery,  as  the  varying  local  necessities  de 
not  permit  any  uniformity  in  this  matter. 

QENBBAIi  RSPAJ&ING  OB  ERBOTING  SHOP. 

The  amount  of  floor  space  to  be  devoted  to  the  general  repairs  of  loco- 
motives  and  tenders,  and  its  proportional  division  among  the  various 
buildings,  is  a  wide  question,  on  which  little  has  been  written ;  and  in 
attempting  to  find  an  average  taken  from  existing  practice,  difficulty  is 
experienced,  due  to  so  many  workshops  manufacturing  supplies  for  out- 
stations  and  for  other  departments,  even  when  not  manufacturing  new 
engines. 

Simply  for  repair  purposes,  the  Author  is  of  opinion  that  there  should 
be  floor  or  stall  room  in  the  erecting  (repair)  shop  for  10  or  11  per  cent» 
of  the  total  engine  stock.  It  maybe  expected  that  4  or  5  per  cent,  will 
be  in  the  paint  shop  going  out,  or  in  yard  waiting  to  come  into 
erecting  shop  for  general  repairs,  and  that  5  per  cent,  are  havmg  their 
boilers  washed  out,  or  undei^oing  running  repairs  of  so  trivial  a  nature, 
that  they  can  be  done  in  the  engine  house.  This  leaves  80  per  cent,  of 
the  motive  power  effective  and  at  work  daily. 

To  illustrate — ^we  will  suppose  the  total  number  of  engines  on  a  rail- 
way to  be  100;  the  working  engines  make  a  daily  average  of  133  miles 
or  4,000  per  month,  which  multiplied  by  the  80  effective  engines  gives 
3,840,000  miles  per  annum,  and  the  repairs  done  in  the  erecting  shop 
have  to  baUnce  the  wear  and  tear  of  this  mileage. 

The  first  question  is  one  of  time :  How  long  does  it  take  to  repair  an 
engine  ?    An  average  common  in  America  is — 
Heavy  repairs  oocupy  90  days — equivalent  to  a  wear  of  100,000  miles* 
Medium    *'  "    60    "  "  «  70,000      " 

Light  and  specific  repairs  occupy  30  days — equivalent  to  a  wear  of 

30,000  miles. 
(General  average  is  60  days  (2  months)  to  a  wear  of  67,000  miles. 

Each  engine  on  a  general  average,  occupying  a  stall  for  two  months, 
gives  the  outputof  repaired  engines  for  an  erecting  shop  containing  ten 
stalls  as  60,  which  multiplied  by  the  average  mileage  of  67,000  totals 
to  4,020,000,  a  sum  just  m  exoess  of  the  mileage  during  the  same  period 
by  the  80  effective  engines. 
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There  is  (or  should  be)  some  relationship  in  sise,  between  the  erect- 
ing and  other  shops  of  the  locomotive  department,  and  Appendix  A. 
gives  from  recent  practice  the  comparative  area  of  the  other  shops 
in  percentages  of  the  erecting  shop. 

It  will  be  seen  that  the  proportions  vary ;  and  it  mnst  be  so  when 
some  eetabUshments  bnild  more  or  less  new  work,  while  others  are 
restricted  to  repairs  only ;  some  are  confined  to  locomotive  work, 
whereas  in  others  material  is  manufactured  for  all  departments, 
ineluding  even  the  tel^raph  department. 

Also  the  ^'  size  **  relationship  will  be  varied  by  the  uniformity  and 
interobangeability  of  the  parts  of  the  engine  stock.  Where  their  classes 
and  styles  are  few,  all  the  shops  will  be  comparatively  small,  and  the 
delay  to  engines  in  the  erecting  shop  less.  Thus  any  such  table  will 
only  permit  of  a  mean  average  being  taken. 

This  being  the  case,  under  each  heading  is  a  second  column,  in  which 
the  sixe  of  each  shop  is  given  as  a  percentage  of  the  whole — so  that, 
given  the  total  roofed  surface  that  can  be  devoted  to  the  locomotive 
department,  its  proportionate  divisions  can  be  approximately  inferred 

In  America,  the  ordinary  arrangement  for  erecting  shops  is,  that  the 
pits  or  stalls  lie  transversely  to  the  main  axis  of  the  building,  admis- 
sion to  them  being  by  a  transfer  table  or  traverser,  within  the  build- 
ing in  northern  latitudes,  and  outside  it  where  snow  is  likely  to  cause 
but  little  inconvenience.  There  is  an  obvious  economy  in  size  and  cost  of 
structure  when  the  traverser  can  be  put  outside ;  but  its  free  movement 
cannot  be  insured  during  a  Canadian  winter,  and  an  attempt  to  use  one 
in  Montreal  was,  after  much  inconvenience,  abandoned  years  ago. 
Henoe,  the  shop  must  be  wide  enough  for  its  work,  and  for  the  length 
of  the  traverser  in  addition,  at  once  giving  a  span  of  roof  justifying 
the  use  of  intermediate  supports.  Two  rows  of  pillars  are  often  used, 
dividing  the  floor  space  into  three  bays,  one  on  each  side  of  and  parallel 
with  the  traverser  pit,  as  this  brings  the  work  and  men  close  to  the 
side  windows.  When  the  traverser  is  outside  it  is  rarely  that  the  floor 
is  obBtmoted  with  more  than  one  line  of  pillars.  Whatever  be  the 
number  and  disposition  of  these  internal  supports,  the  roof  is  invariably 
of  the  single  ridge,  or  gable  pattern. 

T&AYSBSSRS  OR  TBANSFEK  TABLES. 

It  was  due  to  traversers  beiii^  framed  in  timber  that  the  pits  in 
which  they  moved  were  at  flrst  so  deep — even  exceeding  flve  feet. 
Boiled  steel  is  now  used  for  the  frame,  which  is  suspended  from  the 
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tkxle  journals  on  both  sides  of  eight  small  wheels,  and  for  which  four 
parallel  rails  are  provided,  the  full  length  of  pit.  Much  ingenuity  has 
been  used  in  the  endeavor  to  reduce  the  inconvenience  of  the  pit,  by 
making  it  as  shallow  as  possible,  and  at  Beading,  the  Philadelphia 
and  Beading  Bailway  in  its  new  car  shops  has  no  pit,  only  a  flush 
asphalt  floor  from  wall  to  wall.  As,  however,  the  suspended  or  carry- 
ing rails  of  the  traverser  must  be  higher  than  the  fixed  rail  over  which 
they  move,  it  is  arranged  that  the  tracks  at  each  repair  staU,  instead  of 
being  spiked  to  cross-ties,  are  carried  upon  longitudinal  timbers  about 
10"  square,  thus  lifting  them  above  the  floor  level,  and  giving  the 
necessary  difference  in  height  between  the  traverser  bed  rail  and  its 
■suspended  rail.  The  author  is  not  familiar  with  any  example  on 
this  Continent,  of  the  European  practice  of  making  bed-rails  for  traver- 
ser and  the  transverse  or  stall  tracks,  flush  with  each  other  and  con- 
tinuous, except  where  slightly  cut  at  intersection  to  allow  the  wheel 
flanges  to  pass.  The  shallow  rails  on  the  traverser  only  just  dear  the 
bed  track  on  the  floor,  and  the  vehicle  to  be  transferred  mounts  to  them 
by  running  up  tapered  extensions  of  the  suspended  rail  that  are  hinged — 
or  rather  pivoted — on  its  ends,  and  which  when  DOt  pressed  down  by 
the  wheels  of  the  on-commg  vehicle,  are  kept  clear  of  the  bed  tracks  by 
springs.  This  practice  may  be  said  to  be  a  development  of  the  *^  Dunn 
Traverser,''  at  one  time  in  common  use  for  the  transfer  of  carriages  at 
terminal  stations  on  English  and  Continental  railways. 

Having  all  rails  flush,  not  only  permits  the  rapid  movement  of  men 
and  small  material,  but  allows  the  transfer,  when  traverser  is  engaged, 
of  vehicles  from  a  stall  on  one  side  of  bay  to  the  track  immediately 
opposite.  Having  in  view  the  possible  failure  of  the  traverser,  some 
shops  are,  and  all  should  be,  provided  with  portable  rails  to  span  the 
width  of  pit. 

Power  to  move  the  traverser  is  often  communicated  direct  from 
boiler  and  engine  carried  upon  it.  This,  though  convenient  enough, 
perhaps,  for  out-door  service,  has  proved  to  bean  unmitigated  nuisance 
under  cover  in  winter,  when  doors  and  windows  must  be  kept  closed. 
Endless  chains,  the  full  length  of  the  bed  with  stopping  and  starting 
gear  at  one  end,  are  sometimes  used.  The  friction  is  considerable 
the  chain  having  to  h^  supported  every  eight  or  ten  feet,  and  signals 
to  control  traverser  movement  have  to  be  transmitted  over  long  dis- 
tances. 

Stout  wire  cable,  travelling  at  same  speed  as  chain,  offers  less  resist- 
ance, and  if  one  of  the  forms  of  clip  gear  is  used  on  the  traverser,  the 
single  attendant  travelling  with  it  has  its  motion  completely  under  con- 
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trol.  The  cable  grip  clip  gear,  uaed  at  West  Albany,  New  York  Cen- 
tral Ry.,  is  a  simple  form  of  friction  brake  stopping  the  revolution  of  a  set 
of  three  geared  wheels.  When  locked,  the  traverser  moves  at  same  speed 
as  rope.  Two  sets  of  such  wheels  are  used,  so  as  to  give  both  up  and 
down  motion.  When  table  is  at  rest,  power  is  transferred  to  a  capstan 
used  in  hauling  vehicles  on  and  off  the  traverser.  At  Alton,  Mr.  W. 
Wilson  caa'^es  a  small  quick  moving  rope  to  give  motion  to  one  wheel 
and  shaft,  from  which  power  to  traverser  and  capstan  is  communicated 
through  bevel  friction  wheels.  Speed  of  traverser  is  slow,  26  fib.  per 
minute,  and  that  of  the  capstan  is  but  32  ft.  per  minute. 

The  outdoor  traverser,  built  some  years  ago  for  the  Wason  Car  Shops, 
Springfield,  is  50  fib.  long,  and  weighs  11  tons,  being  propelled  by  a 
boiler  and  engine  of  12  N.  H.  P.  A  steam  pressure  of  15  lbs.  will 
move  it  without  load ;  30  lbs.  with  heaviest  passenger  coach  on,  and  60 
lbs.  gives  it  a  speed  of  500  ft.  per  minute. 

An  interesting  and  successful  attempt  has  just  been  made  at  Aurora, 
on  the^  Chicago,  Burlington  &  Quincy  Ry.,  to  give  motion  to  a 
traverser  and  capstan  through  an  overhead  electric  wire  with 
a  small  trolley  running  on  it  connected  to  a  7^  H.  P.  Sprague 
motor.  Its  rapid  motion  is  geared  down,  so  that  table  can  be  run  either 
at  100  or  200  ft.  per  minute.  The  table  is  65  ft.  9  in.  long  by  15 
ft.  wide,  and  weighs  empty  about  15  (short)  tons.  The  tractive 
resistance,  unloaded,  is  about 250  lbs.,  equal  to  17  lbs.  per  ton;  loaded, 
it  is  1500  lbs.  or  37  lbs.  per  ton.  Experiments  on  the  Coin  Minden 
Ry.  at  Deutaerfeld  give  the  resistance  of  a  traverser  and  load  weigh- 
ing 20  tons  at  4^0  lbs.,  equal  to  a  tractive  resistance  of  22  lbs.  per 
(long)  ton. 

Cotton  ropes  moving  at  3360  ft.  per  minute,  are  used  (under  cover)  at 
Cologne  on  the  Rhenish  Ry.,  for  coach  traverser,  friction  clutches  being 
used  to  change  the  speed,  so  that  the  table  has  a  motion  of  197  ft.  and 
capstan  of  64  ft.  per  minute. 

Siecting  shops  equipped  with  traversers  at  low  level,  need  in  addition 
some  means  of  lifting  an  engine  off  its  wheels,  and  a  hoist  is  usually 
fixed  in  the  roof  timbers  either  dose  to  entrance  or  in  centre  of  length 
of  shop  over  the  traverser  bed.  Lifting  power  is  variously  communi- 
cated to  hoist  by  belt  from  shop  shafting,  by  hydraulic  pipe,  by  pneu- 
matic pipe,  and  even  by  hand  labour. 

OVERHEAD  TBAYSLLING  O&ANES. 

The  European  practice  of  making  the  erecting  shop  narrow  compared 
with  itB  length,    using  three  (or  at  most  four)  longitudinal  tracks 
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and  spanning  them  for  their  whole  length  with  overhead  power  travel- 
ing cranes,  has  not  oflen  been  adopted  in  America,  although  we  have 
specimens  at  the  Canadian  Pacific  By.,  Montreal,  at  Altoona,  West 
Burlington,  Indianapolis,  Eoanoke,  and  at  Hamilton,  Ont. 

Why  so  effective  a  method  has  been  oomparatively  neglected,  it  is  not 
easy  to  say,  as  by  its  use  there  is  an  economy  in  floor  space,  and  the  cranes 
can  do  duty  for  both  traverser  and  hoist.  Undoubtedly  the  roof,  or  a 
portion  of  it,  must  be  carried  up  higher,  so  as  to  give  head  room  for  the 
cranes  and  their  load  to  pass  over  engines  being  repaired ;  but  the 
interest  on  this  outlay  and  on  that  of  the  cranes  (often  exceeding  the 
cost  of  both  traveller  and  hoist),  is  but  a  fraction  of  the  money  and 
time  saved  in  the  daily  working  of  the  shop. 

Two  fish-bellied  plate  girders,  extending  from  sidewall  to  sidewall,  with 
their  ends  supported  on  plate  box  trollies,  usually  form  the  crane  bed 
and  carry  one^r  better  still,  two-travelling  crabs.  An  independent 
boiler  on  crane^-as  a  source  of  power — ^is  now  rarely  used ;  but  from 
the  shop  shafling  motion  is  communicated  to  the  crane  by  quick  mov- 
ing rope  of  steel  wire,  hemp,  cotton  or  rawhide.  If  the  distance  crane 
has  to  travel  is  short, — say  under  150  ft.— or  if  it  is  used  in  the  foundry 
where  heat  and  dust  would  materially  shorten  the  life  of  a  fibre  rope, 
then  longitudinal  shafting  (grooved  or  square),  supported  on  tumbling 
bracket  journals,  is  often  u.sed.  In  almost  all  oases  where  the  winch 
forms  part  of  the  trolley,  the  transfer  of  motion  to  it  from  the  end  of 
crane  is  by  such  a  shaft,  although  in  the  original  cranes  of  this  class 
designed  by  Mr.  Ramsbottom  the  high-speeded  cord  was  carried  along 
the  crane  girder  through  the  trolley  to  opposite  end,  and  then  back  to 
side  wall,  banding  the  cord  often  and  shortening  its  life. 

Messrs.  Fowler  of  Leeds  use  steel  wire  rope  similar  to  that  used  in 
steam  ploughing :  their  12  ton  crane  being  equipped  with  a  f  in.  diameter 
rope,  moving  at  270  fib.  per  minute.  One,  of  40  tons  capacity  and  50  ft. 
span,  has  the  rope  speeded  to  400  ft.  per  minute,  giving  a  slow  lift  of 
2  ft.  and  a  fast  one  of  4  ft.  per  minute,  with  a  cross  traverse  of  28  ft., 
and  a  longitudinal  motion  of  crane  and  load  of  30  ft.  per  minute. 

A  20  ton  crane,  using  maniUa  rope  of  full  f  in.  diameter,  running  at  a 
speed  of  2540  ft.  per  minute,  has  a  slow  lift  of  3  ft.,  and  a  quick  one 
of  51  fu  per  minute,  with  a  cross  traverse  of  trolley  carriage  of  16.8  ft, 
and  a  motion  of  the  whole  crane  of  47.5  ft.  per  minute.  It  has  the 
hoisting  winch  at  one  end,  thus  permitting  the  use  of  a  45  ft.  spaa 
single  box-girder  partially  open  below,' the  trolley  carriage  travelling 
inside  the  box  on  the  angle-irons  forming  the  lower  web. 

The  seven  original  Ramsbottom  cranes  at  Crewe  used  long  fibre  oottoa 
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rope  f  in.  diam.,  weighing  1^  oe^  to  Ihe  foot,  haviog  a  tensioQ  of  from  17 
to  18  lbs.  and  a  speed  of  5000  fk.  permmote.  Larger  diameters,  lower 
speeds,  and  cheaper  material,  are  now  naed,  as  at  Swindon,  where  4^  in, 
rope  at  970  ft.  per  minute  is  employed.  Messrs.  Penn  have  used  raw- 
hide rope  moving  at  1,500  ft^  per  minmte :  and  a  50  ton  orane  employed 
on  dock  work  has  had  five  years  service,  without  showing  any  wear  on 
raw  hide  rope  of  1^  in.  diameter. 

At  Aurora  and  Altoona,  cotton  rope  with  speeds  of  5,000  ft.  per 
minute  are  used,  giving  with  the  25  ton  cranes  of  the  latter,  a  slow  lift 
of  15  ft.  and  a  quick  lift  of  81  ft.  per  minute,  a  crab  traverse,  of  30  ft, 
and  a  crane  travel  of  50  ft.  per  minute. 

The  two  cranes  at  Alton  have  each  two  crabs,  so  that  the  engine  is 
suspended  and  independently  moved  at  the  four  corners,  a  decided 
convenience  when  dropping  frame  and  boiler  on  the  wheels. 

Where  possible  it  is  an  advantage  to  put  the  crane  attendant's 
platform  below  the  main  girder  ^nd  close  to  the  wall,  so  that  the  work 
below  and  not  the  crane  machinery  is  in  his  view. 

Pneumatic  floor  cranes  for  light  weights,  although  not  common,  are 
used  at  Wilmington  on  the  Philadelphia,  Wilmington  and  Baltimore  By. 
and  at  the  Paige  Works,  Cleveland.  The  Missouri  Pacific  Ey.  uses 
compressed  air  at  from  60  to  80  lbs.  pressure,  to  work  small  three-cylin- 
der  Brotherhood  engines  for  giving  motion  to  boring,  valve  facing  and- 
other  portable  machines,  the  air  being  compressed  by  a  Westinghouse 
brake  pump  and  distributed  through  small  pipes.  In  the  engine  house, 
or  in  the  shop  after  ordinary  working  hours,  such  portable  motors  can 
be  coupled  by  rubber  hose  either  to  the  air  pump  or  the  boiler  of  the 
nearest  locomotive  in  steam. 

The  pneumatic  transmission  of  energy  is  not  in  itself  economical ; 
but  for  the  small  powers  mentioned  it  is  far  cheaper  than  shafting  and 
more  rapid  than  using  manual  labor. 

At  Seraing  all  classes  of  shop  cranes  are  pneumatic.  The  reason 
for  this  practice  is  that  with  the  large  area  under  continuous  roof  the 
volume  of  pure  cool  air  exhausted  is  of  value  in  assbting  ventilation 
and  increasing  the  general  health  of  the  workmen. 

Our  shops,  sheds  and  freight  houses  are  rarely  designed  with  the 
object  of  reducing  manual  labour  in  lifting,  and  many  of  us  feel  the 
r«^ret  expressed  by  Mr.  Don  J.  Whittemore,  ex-President  American 
Society  of  Civil  Engineers :  '*  I  could  not  {(revail  on  our  people  to  make 
use  of  cranes  to  the  same  extent  that  they  are  used  in  England,  and 
in  this  we  are  at  faulu''    As  an  after-thought^  pillar  and  other  fixed 
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cranes  are  oooanonally  applied,  bat  their  value  and  efflciency  is  limited, 
and  for  equal  outlays,  by  far  tbe  most  eoonomioal  results  follow  the  use 
of  movable  cranes.  Hoisting  by  unskilled  labour  is  one  of  the  most 
ezpen»(ive  parts  of  the  old  fashioned  plant  which  American  shops  yet 
retain.  Recent  experience  in  the  use  of  hydraulic  drop-pits  for 
removing  single  pairs  of  wheels,  (although  with  all  its  advantages  an 
inelastic  convenience)  provokes  such  strong  conmiendations  and  approval 
as  a  labour  and  time-saving  machine,  that  it  is  probable  that  the  period 
is  not  far  off  when  overhead  power  lifts  will  be  common  in  our  shop 
equipment.  The  wear  on  the  metal  work  of  cranes  is  not  rapid,  and 
an  allowance  of  five  per  cent,  per  annum  on  first  cost,  covers  all  depre- 
ciation, except  m  the  matter  of  lifting  chains  which  require  care  and 
frequent  testing.  Wire  rope  has  replaced  lifting  chains  with  econo- 
mical results,  its  only  defect  being  an  increased  diameter  in  pullies  and 
drums,  the  mcrease  (about  25  per  cent.)  not  being  excessive  as  the 
speeds  are  sk)w. 

To  support  an  overhead  travelling  crane  track,theplan  usually  adopted 
is,  to  increase  the  thickness  of  the  brick  side  wall  pilasters,  and  arch  over 
the  window  and  door  openings  fiush  w  ith  pilasters  up  to  the  elevated 
track  level,  thus  securing  a  solid,  safe  support  for  crane  travel,  with 
the  disadvantage  of  materially  reducing  the  width  inside  shop  and  the 
window  openings  Boiled  iron,  bolted  to  the  walls,  both  for  pilUra 
and  girders  would  to-day  be  the  better  practice.  A  good  arrangement 
is  to  use  stout  cast  iron  pillars  to  support  both  the  crane  track  and  the 
roof  principals,  filling  m  between  them  with  walls  of  just  sufficient 
thickness  to  keep  out  the  weather.  It  b  difficult  to  use  a  single  section  of 
wrought  iron  for  this  double  purpose,  as  the  support  fur  the  track  must 
be  bolted  on  its  side,  and  the  weight  from  the  crane  is  not  then  brought 
directly  over  the  foundation,  resulting  in  a  tendency  to  throw  the  heel 
of  the  pillar  outwards,  and  put  the  roof  principal  into  compre8sion« 
By  using  cast  iron  pillars,  and  varying  their  shape  at  the  upper  end, 
there  is  no  difficulty  in  brmging  the  crane  weights  vertically  on  the 
undeiground  fomdations.  The  Author  is  not  familiar  with  any  exam- 
ple of  a  cast  iron  pillar  doing  such  double  duty  in  any  northern  climate. 

VBANSmSSION  OF  POWIB. 

In  power  transmission  throughout  workshopB,small  shafts,  light  pullies 
and  high  speed  flat  leather  belts  are  common  in^  and  bek>ng  properly  to, 
America ;  but  there  is  a  growing  tendency  to  dispense  with  shafting  in 
favor  of  rope,  and  to  use  hemp  or  maniUa  rather  than  wire  rope. 
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Examples  of  the  lue  of  wire  rope  are  to  be  seen  at  Altoona,  St.  Paul, 
Proctor,  and  the  Ba&lo,  New  York  ft  Philadelphia  Ry.  has  mn  its 
machine  shop  312  ft.  distant,  with  \  wire  moving  at  a  speed  of  6,900 
ft.  per  minnte,  for  two  years  without  repair.  At  Colnoibos,  motion 
is  transmitted  by  hemp  rope  moving  at  1,500  ft.  per  minute,  and 
Mr.  Dmmmond  at  Cowlairs,  Sootland,  uses  rope  throughout,  even 
for  transmission  at  right  angles,— circumstances  under  which  the 
Grand  Trunk  Railway  prefers  the  use  of  Y  leather  belting.  Satisfao* 
tory  instanoes  of  the  use  of  hemp  rope  between  engine  and  main 
shaft  may  be  seen  in  Montreal  at  the  Grand  Trunk  Railway  shops  and 
at  the  Redpath  Sugar  Refinery.  A  rope  2  in.  diam.,  moving  at  3,000 
ft  per  minute  will  transmit  25  JBL.  P. : — that  is,  a  duty  equivalent 
to  a  4  in.  belt  moving  at  the  same  speed.  Three-ply  manilla  rope  is 
better  than  four-ply.  The  pullies  should  be  at  least  30  times  the 
diameter  of  the  rope,  and  the  shafts  not  less  than  20  ft.  apart,  the  angle 
of  the  groove  in  pulley  rim  40^^  the  rope  not  being  allowed  to  bottom  in 
groove  as  in  the  case  of  wire  rope.  Some  actual  tensions  are  as  follows : 
a  manilla  rope  6^  in.  in  circumfdrenoe,  with  a  speed  of  2,972  ft.,  trans- 
mits 23  H.  P.  with  a  tension  of  256  lbs.,  another  at  3,782  ft.  transmits 
40  H.  P.  with  a  tension  of  349  lbs.,  a  third  ha9  seven  ropes  of  1^  in.  diam. 
at  2,355  ft.  transmits  34  Q.  P.,  with  tension  of  476  lbs.,  the  tendency 
with  increasing  experience  being  to  increase  the  tensions,  which  are 
still  far  below  those  used  with  iron  and  steel  wire  ropes.  Hemp  appa- 
leatly  suffers  little  from  climatic  influences  and  its  life  especially  at  the 
weak  point — the  splice — ^may  be  lengthened  by  coating  it  with  beeswax 
and  a  little  plumbago. 

The  Southern  Railway  of  France  has  probably  made  the  most  com- 
plete application  of  hemp  rope  in  the  minute  division  and  transfer  of 
power.  The  through  shaft  in  the  shop  is  provided  with  numerous 
y  pullies  by  which  motion  is  given  to  three-quarter  inch  diameter 
hemp  rope,  so  that  at  every  point  the  power  may  be  delivered  to  light 
overhead  cranes  as  well  as  to  numerons  specially  designed  portable 
machine  tools.  For  instance,  in  the  boiler  repair  shop,  not  only  are  the 
drills  so  worked  at  any  angle  or  in  any  corner,  but  the  holes  are  tapped, 
and  the  screwed  stays  put  in,  much  in  the  same  way  as  similar  work  is 
done  to  a  limited  extent  with  the  Stow  flexible  shaft. 

Electric  transmission  has  been  used  in  Ckrmany  for  some  years  under 
Tsstricted  conditions.  It  has  some  advantages,  as  the  conductor  is  less 
dumsj  than  shafting,  steampipe  or  rope,  its  position  can  easily  be 
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ebsDged^  and  die  motor  ia  oompoot  and  less  of  a  naisanoe  tlian  a  small 
steam  engine.  Loss  of  power  ihere  eertainly  is,  but  not  mach  in  the 
actual  transmission  between  points  &r  apart,  if  wire  of  reasonable  dia^ 
meter  is  used,  and  the  less  the  power  being  taken  off,  the  less  is  the  peroen« 
age  of  loss  in  the  transmitter,  the  opposite  rule  holding  good  with  shaft- 
ing. The  chief  loss  is  in  the  use  of  douUe  machinery^  the  first  to  convert 
motion  into  current,  and  the  second  to  oonvert  current  into  motion. 
Every  month  is  simplifying  the  problem  and  minimising  the  waste ;  and 
the  ready  adaptability  of  electro-magnetic  machine  tools  (without  inter- 
mediate machinery)  to  the  varied  purpose  of  driUing,  tapping,  ri  vetting, 
chipping  and  caulking  thick  steel  ship  plates  in  position,  their  high  duty 
and  rapidity  of  work,  are  shown  in  the  paper  by  Mr.  F.  J.  Bo  wan, 
recently  discussed  by  the  Institution  of  Mechanical  Engineers  (see 
Proceedings,  Aui;.,  1887),  in  concluding  which  he  expresses  his  belief 
'^  that  it  will  be  found  both  economical  and  otherwise  convenient  to  adopt 
electrical  distribution  in  engineering  workshops,  instead  of  the  existing 
system  of  shafting  and  belts,  or  even  hydraulic  distribution  of  power.'* 

Transmission  of  power  by  steam  pipe  and  independent  engine  for 
each  shop  has,  up  to  date,  not  been  common  in  countries  liable  to  low 
temperature.  lo  mild  climates,  the  use  of  separate  wall  engines  with 
ihe  cranks  coupled  direct  to  shop  shafting  is  most  satisfactory,  and  a 
pair  of  locomotive  cylinders  are  often  use  for  such  service,  as  the 
engines  occupy  little  if  any  floor  space  when  set  vertically,  and  each 
shop  can  be  run  independently  when  it  is  necessary  to  work  overtime. 

With  the  use  of  modem  asbestos  and  silicate  coverings,  there  is  but 
little  loss  by  condensation  in  the  long  steam  pipe.  Mr.  W.  T.  Bird  in 
his  careful  experiments  (see  North  of  England  lostitution  of  Mining 
Engineers.  Proceedings  1882-3)  has  shown  that  the  condensation  in 
an  exposed  pipe  1,000  ft  long  is  sufficient  to  reduce  the  steam  to  76 
per  cent,  of  its  boiler  efficiency,  whUe  coating  the  same  pipe  witk 
silicate  cotton  raises  the  efficiency  to  95  per  cent. 

HACHINB  OBOUPINa. 

At  one  time  the  aim  in  arranging  a  machine  shop  was  to  group 
the  large  machines  close  together,  so  that  the  heavy  and  bulky  material 
steadily  progressed  from  one  to  the  other  witihout  retracing  its  path. 
With  the  adoption  of  light  overhead  cranes  and  single  rail  tramways 
fi)r  moving  heavy  weights,  the  rehandling  of  raw  material  has  lost  much, 
of  its  importance  and  most  of  its  expense,  so  that  the  favorite  arrange- 
ment is  to  mass  similar  machines  of  all  sizes  close  together,  permitting 
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one  sUIled  man  to  be  put  in  charge  of  the  whole  class.  An  alternatiye 
— ^when  a  chaTge-man  is  not  employed — ^is  to  pat  one  skilled  attendant  to 
each  pair  of  sach  machines.  Howeyer,  the  main  advantage  is  that  the 
whole  floor  space  can  be  more  fully  utilized  when  machines  of  a  class 
are  massed,  than  when  different  machines  of  about  equal  size  and  capa- 
city are  grouped  together. 

When  small  machinery  is  placed  on  a  narrow  side  gallery,  it  is  better, 
if  window  light  will  permit  it,  to  locate  a  doable  row  of  machines, 
hack  to  back,  in  the  centre  of  the  gallery,  thus  leaving  a  narrow  passage 
on  each  side,  rather  than  to  put  them  in  two  (ines  with  the  passage 
between  them.  This  grouping  enables  each  attendant  more  easily  to 
keep  his  raw  and  finished  material  separate  from  that  of  his  neifrhbours, 
and  there  b  less  countershafting  needed.  Its  one  defect  is  that  it  brings 
the  attendants — ^usually  boys— close  together  and  face  to  face.  Mr. 
W.  Wilson  has  this  arrangement  of  lathes  on  the  ground  floor  at  Alton. 

The  solidity  of  machinery  designed  for  railway  shop  service  permits 
tools  with  single  cutters  to  take  wide  and  deep  cuts,  and  in  milling 
machines  allows  of  a  much  higher  speed  at  cutting  surface  (by 
virtue  of  which  they  are  rapidly  displacing  shapers,  planers  and  Blot- 
ters). The  actual  depth  of  cut  has  little  influence  on  the  catting 
speed ;  hence,  it  has  been  found  at  the  forge  not  economical  to 
smith  too  close  to  size.  This  refers^  of  course,  only  to  hand  work. 
All  wrought  iron  stamped  or  worked  out  under  *'  formers ''  should, 
for  several  reasons,  be  made  dose  to  size. 

rOUNDBY. 

Foundries  for  the  production  of  iron  castings  rarely  form  part  of 
American  railway  equipment,  yet  no  shop  returns  a  larger  interest  on 
the  capital  invested,  is  more  useful  in  the  rapid  despatch  of  daily 
work,  or  more  helpful  in  case  of  emergency.  That  these  benefits  may 
he  realized,  its  design  and  details  should  not  be  fortuitous,  even  if 
many  of  them  now  in  daily  service  suggest  the  inference  that,  like 
Topsey,  they  "  growed. " 

Uany  years  service— as  well  as  recently  created  shops — shows  that  a 
most  convenient  plan  b  to  divide  the  surface  to  be  roofed  over,  into  two 
sections  of  about  equal  length  and  span,  placing  them  at  right  angles 
tD  each  other,  with  the  cupolas  in  the  inner  corner  as  the  most  central 
position  without  occupying  fioor  room,  the  square  of  open  land  behind 
the  cupolas  being  utilized  for  storage  of  scrap  iron^  fuel,  &c.    The 
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foundrj  at  Point  St.  Charles  is  praotioally  based  on  such  a  ground 
plan,  although  an  existing  building  was  utilized  for  the  purpose.  (See 
Paper  by  Mr.  F.  L.  Wanklyn  (Member)  in  Proceedings  Inst.  C.  E., 
vol.  88,  part  2.) 

Overhead  travelling  cranes  are  preferable,  so  that  the  molten  metal 
will  not  need  transfer  from  one  crane  to  another ;  but  if  jib-cranes 
must  be  used,  one  set  in  front  of  and  between  the  two  cupolas  will 
swing  into  both  sections  .  through  an  arc  of  fully  270^.  The  sand 
stores,  core  ovens,  &c.,  being  set  dose  to  inner  wall,  light  is  received 
through  windows  in  the  long  outer  walls. 

What  may  be  considered  a  model  foundry  has  recently  been  completed 
at  the  Pittsburgh  Locomotive  Works.  Mr.  D.  A.  Wightman,  the 
Superintendent  says :  "  One  of  its  pccnliarities  is  the  location  of  the  core 
oven  and  core  room,  which  are  placed  below  the  level  of  foundry  floor, 
the  top  of  the  core  ovens  being  on  a  line  with  said  floor,  and  the 
runways — used  by  trucks  out  of  the  ovens — are  covered,  all  except  a 
hatchway  left  open  for  dropping  the  heavy  dry  sand  cores  and  mould, 
down  with  a  crane. 

^'The  core  room  is  on  the  same  level  with  the  core  oven  floors ;  but 
is  left  open  at  the  top  of  the  foundry  roof,  and  receives  its  light  from 
the  main  windows  of  the  building.  Gonimunication  between  the  core 
room  and  the  south  side  of  the  core  ovens  is  had  by  means  of  a  passage 
way  under  railway  track.  The  sand  pits  all  open  out  of  the  core  rooms 
and  have  manholes  outside  for  shoveling  the  sand  through  from  wagons 
and  cars. 

<'  This  arrnngment  of  core  ovens  was  suggested  in  trying  to  obtain 
suitable  light,  as  on  one  side  at  least  nearly  all  foundries  have  their 
light  shut  out  by  core  rooms,  core  ovens,  and  cupola  house.  The 
plan  adopted  obviates  this  difficulty,  and  you  will  probably  conclude 
after  examining  the  drawings  that  this  building  has  better  light  from 
the  ground  than  any  foundry  you  have  ever  seen* 

''  The  sand  conveyer  indicated  on  plan  is  simply  a  Gandy  Belt,  placed 
beneath  the  surface  of  the  foundry  floor,  upon  which  the  sand  is 
thrown,  from  any  point  where  it  may  be  lying,  and  conveyed  to  an 
elevator  which  delivers  it  into  a  revolving  screen,  thence  falling  into 
the  hoppers  over  the  moulding  machines,  which  are  kept  fairly  full,  so 
that  upon  opening  them  at  bottom,  the  flasks  are  filled  very  quickly. 
The  conveyer  saves  the  labour  of  wheeling  the  sand  up  to  and  shoveling 
it  into  the  moulding  machines.  One  man  takes  care  of  all  the  sand 
for  the  two  machines,  whose  output  in  castings  varies  from  5,000  to 
12,000  lbs.  per  day." 
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BRASS  POUNDRT, 

An  effective,  well  ventilated  and  therefore  healthy  braEB  foundry  is 
a  square,  single-storied,  semi-detaohed  building,  with  the  windows, 
moulder  troughs,  and  core  benches  on  the  three  open  sides.  A  circular 
chimney  is  in  the  centre,  having  around  it  a  ring  of  crucible  furnaces 
below  ground  level.  This  arrangement  requires  separate  core  ovens 
on  the  face  of  blank  wall,  an  expense  justified  where  the  output  is 
large.  In  smaller  foundries,  the  furnaces  are  in  line  in  front  of  a 
blank  wall,  the  flues  between  frimace  and  chimney  passing  around 
the  core  ovens,  the  chimney  being  supported  on  iron  girders,  six 
or  seven  feet  above  floor  level,  so  that  any  portion  of  the  fumaoes,  ovens 
or  flues  may  be  renewed  without  disturbing  or  weakening  the  chimney. 

smith's  shop. 

The  smithy  used  to  be  a  narrow  shop,  with  the  fires  ranged  close  to 
the  side  walls  and  an  open  central  passage.  This  arrangement  has 
been  modified,  as  the  large  machinery  which  is  diatplacing  hand  work 
is  most  conveniently  set  in  line  down  the  centre,  with  a  passage  on  each 
side  of  it — that  is  a  track  between  the  machinery  and  each  line  of  fires ; 
hence  smithies  have  increased  in  width  from  40  to  more  than  60  ft. 
Certainly  the  smith  does  not  need  much  window  light,  yet  he  should 
not  be  made  to  stand  between  his  work  and  the  window  when  at  the 
anvil,  as  is  done  when  the  fires  are  set  at  right  angles  to  the  sidewalls. 
The  better  plan,  which  has  long  prevailed  at  Sir  W.  Armstrong's 
works  and  elsewhere,  is  to  group  them  in  pairs  set  parallel  to  the  wall. 

A  recent  experimental  attempt  to  draw  oS  the  forge  smoke  through 
underground  flues  by  the  natural  draft  of  a  140  ft.  brick  chimney  was 
not  successful  (whatever  may  be  the  result  with  higher  and  costlier 
chimneys).  The  most  complete  method  of  doing  this,  as  at  the  Valley 
Falls  shops  on  the  Pittsburg  and  Western  By.,  is  to  connect  the  smoke 
stack  of  each  fire  with  a  central  smoke  flue  running  parallel  to  and 
under  the  ridge  of  the  roof,  providing  it  at  the  outlet  with  a  suction 
fan  blowing  into  a  short  chimney,  whose  draft  it  improves.  Brick 
hoods  and  smokestacks  make  a  permanent  arrangement  when  each 
fire  or  group  of  fires  has  a  separate  outlet;  but  if  the  building  is  to 
be  kept  fairly  clear  of  smoke,  movable  sheet  plate  hoods  are  needed. 

For  ventilation,  small  flues  from  outside,  passing  through  dwarf 
brick  pilasters  about  two  feet  above  floor  level,  with  horizontal  gratings 
opposite  and  under  the  control  of  each  man,  are  effective  for  the  admis- 
sion of  air,  the  smoke  stacks  or  movable  louvre  boards  in  clerestory  on  roof 
being  depended  upon  for  exit,  though  neither  are  satisfactory  at  low 
temperatures  unless  the  smoke  flues  have  induced  draft 
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Pressure  blast  for  fires  sboald  be  distribated  in  overhead  galvanised 
pipes,  with  a  branch  down  to  eaoh  set  of  hearths,  and  provided  with 
hinged  collapsing  valves  that  freely  fall  open  inwards  when  there  is  no 
pressure  in  the  pipe.  This  simple  device  prevents  any  inflammable  gas 
from  accumulating  in  the  mains  after  the  fan  is  stopped,  thus  avoid  ing 
explosions  when  lighting  up. 

The  number  and  variety  of  steam  hammers  is  increasing,  and  as  the 
interest  on  the  first  cost  and  the  foundation  for  the  handier  sixes, .  does 
not  amount  to  the  wages  of  a  striker,  and  as  there  is  do  comparison 
between  the  relative  usefulness  and  productive  value  of  the  two,  eaoh 
new  smithy  is  likely  to  have  a  larger  number.  The  points  in  the  setting 
of  steam  hammers  worthy  of  note,  are: — that  the  foundation  for 
standard  and  for  anvil  must  be  kept  quite  distinct,  that  solidly  bolted 
timber  on  end,  makes  one  of  the  best  supports  fpr  the  anvil  block, 
and  that  as  no  foundation'  fully  absorbs  the  throb  of  a  large  hammer, 
the  forge  and  smithy  should  be  removed  as  far  as  possible  from  the 
shops  holding  tools  of  precision,  but  not  beyond  reach  by  a  standard 
gauge  track  siding,  with  some  yard-room  being  reserved  near  at  hand 
in  which  to  store  the  scrap,  fuel  and  the  steel  dies,  or  '^  formers  " 
that  accumulate  around  a  well  used  hammer. 

BOILBR  SHOP. 

The  boiler  shop  in  all  satisfactory  works  is  detached,  so  that  the  noise 
of  hand  rivetting  (not  yet  completely  dispensed  with)  may  be  as  little 
of  a  nuisance  as  possible.  In  height  and  width  it  is  often  a  duplicate 
of  the  erecting  shop,  but  with  fiush  floor.  It  is  worthy  of  note,  that 
some  works  on  this  continent  not  using  overhead  travelling  cranes  in  the 
erecting!;  shop,  appreciate  their  usefulness  so  far  as  to  equip  the  boiler 
shop  with  them. 

The  hydraulic  and  other  heavy  machinery  for  handling  thick  plates 
is  massed  at  one  end,  and  the  lighter  equipment  for  thin  plates  and  tender 
tanks  at  the  other  end  of  one  side  of  the  shop,  the  floor  on  tho  other 
side  being  left  open  for  actual  construction  or  repair.  The  plate  fur- 
nace (with  forced  draft)  is  set,  so  thatite  flue  may  have  a  short  run  to 
the  chimney  erected  for  the  forge  or  smithy,  and  close  to  the  heavy 
^nging  tools. 

Standard  gauge  as  well  as  trolly  tracks  cover  the  floor  and  the  plate 
store  (or  rack)  is  close  to  main  the  track  and  to  the  fturnace. 

Accommodation  should  be  ample,  for  the  boiler  shop,  as  most  man- 
agers find,  is  one  of  the  least  flexible ;  and  therefore  it  is  wise  to  give 
it  space  and  a  full  equipment  of  modern  tools. 
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fLOORfl. 

Earopean  practioe  in  flooriag,  varies  from  wood  block  on  solid  foun- 
dation to  plain  block  and  plank,  using  clinker,  hard  packed  cinder  or 
clay  in  the  smithy,  and  concrete  or  asphalt  for  paint  shop.  The  German 
£aili¥ay  Union  recommend  stone  or  tile — except  where  men  stand  at 
Vftchines,  and  here  wood  should  be  used.  Slate  gives — all  things  con- 
sidered— the  beat  service  and  wear  under  foot,  of  any  known  substance, 
and  being  light^  strong  and  durable  can  be  strongly  recommended  for 
stairs  and  steps.  The  continuous  concrete  floor  used  at  Columbus,  has 
for  its  first  course,  six  inches  of  broken  stone,  for  its  second,  eight  inches 
of  finely  broken  stone  mixed  with  cement,  and  for  the  finishing  course, 
a  compound  of  Portland  cement,  asphalt,  and  sand,  four  inches  deep, 
which  being  sl'ghtly  elastic,  is  not  readily  cracked  by  a  sudden  blow. 

South  and  West  of  Pennsylvania  a  solid  floor  is  made  by  rolling  the 
earth,  and  then  bedding,  about  thirty  inches  apart,  half-round  locust 
stringers  in  four  inches  of  concrete,  before  it  sets  hard.  The  stringers 
are  floored  with  two  inch  Georgia  pine  plank  coated  with  hot  tar. 
Oak  flooring  is  ofben  used  in  that  neighbourhood,  not  because  it  lasts 
any  longer  than  white  pine,  but  because  it  is  cheaper  in  the  local 
market.  The  Georgia  Central  By.  coats  the  sills  with  rosin^  packs  the 
earth  up  to  within  half  an  inch  of  their  top,  spiking  the  planking  down 
after  boring  holes  through  it.  Bosin  is  then  run  in  through  these  holes 
until  the  whole  cavity  is  full,  thus  completely  isolating  the  timber  from 
the  damp  earth.  In  Canada  a  cheap  floor  for  light  weights  is  made  by 
bedding  half-round  cedar  in  a  foot  of  engine  cinders,  and  nailing  two 
inch  pine  plank  on  top. 

Sellers,  of  Philadelphia,  usee  under  his  machine  toob  a  continuous 
kon  floor  resting  on  brick  foundation  walls,  and  between  the  machines 
pine  plank  for  the  workmen  to  stand  upon. 

TURNTABtlS. 

The  American  pattern  of  turntable  is  a  ''  top  deck  "  structure  of  cast 
iron  up  to  the  common  diam.  of  60  ft.  The  weight  of  table  and  load  is 
carried  on  a  single  fixed  central  pyramid,  with  one  of  the  many  forms  of 
antifriction  caps  on  the  top,  to  lessen  the  resistance  to  movement.  No 
gearing  is  used  to  give  the  table  motion,  a  short  lever  or  band  spike 
stands  out  from  one  end,  and  two  men  are  usually  sufficient  to  walk  the 
table  and  its  load  around. 

A  fixed  circular  rail  in  the  pit  and  end  wheel  trollies  at  the  outer 
ends  of  the  girders  are  provided ;  but  they  come  into  use  and  carry 
weight  (mly  when  the  load  is  being  moved  on  or  off;  at  other  times  the 


172  Bamett  on  Work  Shops: 

table  is  in  balance,  and  the  trolly  wheels  ride  jost  dear  of  the  ring* 
rail. 

When  the  tnm  table  girders  are  of  cast  iron,  it  is  adrisable  to  dispense 
with  any  lock  or  catch  to  hold  the  table  in  line  with  the  radiating 
tracks,  on  aooonnt  of  the  danger  to  the  castings,  if  the  bolt  is  shot 
out  suddenly  while  the  table  is  in  motion  and  because  the  engine-men 
will  move  an  engine  on  to  the  table  more  carefully,  when  it  is  held 
in  position  by  hand,  than  when  it  is  locked. 

With  wrought  iron  tnbles  these  precautions  are  not  so  necessary,  as  they 
are  not  liable  to  failure  by  sudden  side  jar,  but  almost  all  wrought  iron 
tables  designed  or  built  by  dealers  to  their  own  specifications  ultimately 
prove  to  be  lacking  in  stiffness.  For  locomotire  service,  wrought  iron 
turntables  of  75  ft.  diam.  have  been  used  at  Boanoke,  Virginia,  with 
the  object  of  getting  rid  of  the  frogs  in  the  radiating  tracks  (which  tracks 
were  of  mixed  gauge). 

Turntables  of  100  fl.  diam.  are  invariably  of  wrought  iron  with  deep 
side  girders,  the  load  being  carried  on  the  bottom  deck,  and  the  weight 
supported  and  moved  upon  small  tapered  rollers  massed  in  a  ring  of  10 
or  12  ft.  diam.,  the  whole  being  similar  in  design  to  the  ordinary  form 
of  '^  draw  span  "  in  American  swing  bridges,  and  therefore  not  Licking 
in  stiffness.  Part  of  the  weight  must  be  carried  on  the  outer  ring-rail, 
so  as  to  restrict  within  narrow  bounds,  any  tendency  to  balancing  on  the 
central  ring  support. 

The  motive  power  is  usually  an  independent  boiler  and  engine,  run- 
ning on  the  ring  rail,  and  coupled  to  one  end  of  the  table  by  drag-links 
or  other  special  form  of  adjusting  connection,  so  that  the  oscillations  of 
the  table  under  unequal  loading  shall  not  interfere  with  the  adhesion  of 
the  engine  on  its  single  rail. 

In  running  sand  about  three  years  ago,  the  author  put  in  a  central 
foundation  for  a  50  ft.  table,  by  making  a  timber  hollow  box  frame  of 
pyramid  shape,  10ft.  square  at  base,  5  ft.  square  at  top,  and  4  ft  6  in. 
deep,  weighting  it  with  rails  to  sink  it  as  hand  labour  excavated  the 
material  from  the  centre.  When  the  top  was  sunk  flush  with  the  level 
of  pit,  the  anchor  bolts,  passing  through  two  12  in.  baulks,  were  put 
in  place,  and  the  whole  filled  in  with  quick  setting  concrete.  A  sand 
pump  was  kept  going  the  whole  time  until  the  frame  was  filled,  and 
the  mass  was  finished  flush,  to  receive  the  base  of  the  centre  casting^ 
no  cap-stone  being  used. 

CAR  SHOPS. 

The  roofed  space  provided  for  the  repairs  of  freight  cars  is  usually 
limited,  as  twenty-five  per  cent,  of  this  work  can  be  done  in  the  opeu 


Bamett  on  Work  Shops.  173 

air.  The  time  ocoapit.d  in  the  heaviest  repair — ^viz. ,  a  rebuild — ^is  short, 
and  the  detention  of  a  car  in  the  shop  is  brief,  compared  to  the  delay  in 
the  case  of  a  locomotive,  so  that  a  total  shop  surface  that  will  shelter 
one  and  a  half  per  cent,  of  the  freight  car  stock,  will  be  fonnd  sufficient. 
It  is  probable,  if  the  figures  could  be  obtained,  that  an  average  for  this 
contineDt  would  show  but  one  per  cent.,  and  the  nearer  the  approach 
to  uniformity  in  detail  in  the  car  stock,  the  less  the  shop  room  needed. 

The  total  outdoor  track  space  provided  for  repairs,  change  of  wheels 
and  shop  storage,  is  twice  that  under  cover.  There  are  in  this  matter 
wide  variations  in  practice,  due  to  climate  and  nature  of  traffic,  the 
cars  moving  food,  clothing,  &c.,  requiring  different  treatment  from 
ears  moving  coal  and  heavy  minerals. 

Table  No.  2,  Appendix  B,  gives  from  recent  practice,  the  relative  area 
of  some  American  oar  shops,  the  percentages  being  shewn  in  double 
columns  (as  explained  for  Appendix  A). 

The  annular  form  of  car  shop  with  radial  tracks  is  occasionally  used 
in  America,  requiring  a  turntable  of  exceptional  dimensions — ^usually 
100  ft.  in  diameter — to  permit  not  only  a  coach  or  two  freight  ears,  but 
also  the  small  tank  locomotive  doing  the  shunting,  to  turn  upon  it.  A 
laige  amount  of  shunting  is  required  in  and  about  a  freight  car  repair 
ahop,  due  to  the  short  time  occupied  in  an  average  repair  to  a  car,  and 
tlie  passage  of  each  vehicle  over  a  turntable  adds  both  to  the  time  and 
to  the  cost  of  shunting. 

The  supposed  difficulty  in  utilizing  the  whole  floor  space  of  a  longi- 
tudinal shop,  and  which  the  annular  shop  was  designed  to  avoid,  is  the 
delay  in  taking  out  a  string  of  cars  until  all  are  finished,  thus  some- 
times keeping  the  workmen  idle  waiting  for  work.  However,  even  in 
one  of  the  best  examples  of  the  annular  shop,  that  of  the  Pennsylvania 
By.  at  Altoona,  the  radial  tracks  were  intended  to  be  three  cars  long,  and 
therefore  some  sorting  and  dividing  of  cars  is  necessary  before  they 
can  be  put  in,  and  all  that  the  other  type,  with  its  long  tracks,  requires, 
is  that  this  classing  together  of  cars  be  done  with  a  little  more  care  and 
judgment,  so  that  the  whole  string  will  be  finished  and  ready  to  shunt 
out  at  the  same  time.  There  are  good  points  in  favour  of  the  annular 
shop,  if  it  is  intended  exclusively  for  new  construction,  one  being  the 
ease  and  rapidity  with  which  material  on  trollies  is  delivered  close  to 
the  workmen. 

However,  the  author  would  endorse  the  longitudinal  freight  car  shop 
which  is  of  the  simplest  construction,  often  wide  enough  for  six  or 
seven  parallel  tracks,  and  from  200  to  500  ft.  long.  The  walls,  of 
brick  or  wood,  the  roof  almost  fiat  (the  slope  each  way  from  middle 
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being  about  one  in  twelve)  and  supported  by  timber  posts  eigbt  or  nin0 
inches  square.  The  posts  though  numerous  do  not  seriously  interfere 
with  the  work.  The  roof  covering  is  cut  for  numerous  skylights, 
gable-8haped  and  of  quick  pitch.  Usually  the  floor  is  flush^  that  is, 
neither  track  pita,  cranes,  nor  hoists  are  provided.  The  oar  bodies 
to  be  lifted,  being  light  and  bulky,  and  requiring  in  many  oases  to  be 
austained  after  they  are  lifted,  it  is  found  best  to  use  quick  moving  hand 
jacks  to  lift,  and  dogs  or  trestles  to  effectively  support  them  while  the 
men  do  the  work  of  repairing. 

Numerous  trolly  ro^ds  cross  the  building  in  both  directions,  their 
union  at  intersection  being  made  by  cast  iron  turnables  revolving  on  a 
central  spindle.  These  tables  may  be  of  two  castings,  a  base,  forming 
both  pit  and  foundation,  and  a  revolving  top  with  socket  on  underside. 

This  building  and  its  contents  are  so  liable  to  destruction  by  fire,  aa 
to  justify  large  water  pipes  and  numerous  fire  hose  hydrants  within  it. 
as  well  as  without. 

There  is  no  real  economy  in  the  endeavor  to  repair  freight  cars  and 
passenger  coaches  under  one  roof.  The  work  is  so  different  in 
character  that  men  can  rarely  be  transferred  from  one  class  to  the 
other,  and  the  dirt  and  dust  inseparable  from  the  cars  should  be  kept 
away  from  the  coaches.  When  both  classes  of  repairs  are  done  in  the 
same  building,  it  is  imperative  that  a  shop  free  from  dust  and  at  a  higher 
temperature  be  used  for  painting  and  varnishing  coaches  in.  It  is 
often  built  directly  opposite  to  the  car  repair  shop,  with  a  transfer  table 
between.  Here,  as  elsewhere,  entrance  from  botb  ends  of  a  longitu- 
dinal shop  is  desirable,  and  has  been  obtained  in  many  recent  designs. 

At  the  Gomo  wortuhops  on  the  Union  Pacific  Railway,  each 
stall  in  the  paint  shop  is  provided  with  an  electric  call  bell,  oom- 
ipunicating  through  signal  code,  both  with  the  foreman's  office  and  the 
paint  store,  which  latter  building,  as  in  all  railway  shops,  is  detached, 
and  as  far  as  possible  of  fire  proof  oonstruotion.  Often  it  is  provided 
with  an  underground  cellar  for  the  storage  of  all  inflammable  fluid. 
Aooording  to  the  best  practice  only  one  man  at  a  time  is  allowed  to  work 
in  this  hoi^se  mixing  the  paints  and  blending  the  colors,  and  in 
some  cases  the  t>rushes  and  other  tools  used  by  the  workmen  are 
stored  here  and  only  issued  as  required.  It  is  a  *'  paint  tool -room"  in 
which  much  the  same  system  prevails  as  in  the  '^  machine  tool-room." 

WABMIKO  AND   VENTILATION. 

Paint  shops  need  special  facilities  for  warming  and  ventilation.  A. 
successful  arrangement  is  the  use  of  a  fan  to  draw  air  through  a  nest 
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of  small  steam  pipes,  and  then  to  force  the  warmed  air  into  a  light 
galTanized  iron  tube,  from  which  it  is  passed  into  overhead  branch 
pipes  and  delivered  through  slide-gratings  below^the  slides  being  within 
the  control  of  the  workmen. 

At  Colambas  the  paint  shop  is  75  by  135  ft  containing  272,665i 
eub.  fb.y  and  the  steam  pipes  have  a  sarfaoe  of  1,034  fb.,  or  one  super- 
ficial 11^.  per  two  hundred  and  sixty-three  cub.  ft.  The  fan  has  a 
maximum  delivery  of  218  oub.  ft.,  and  has  been  run  as  high  as  200 
revolutions  per  minute.  The  three  main  pipes  leading  from  it  are 
30  and  24  in.  diam :  and  the  smallest  delivery  pipe  is  8  in.  diam. 
The  air  is  used  over  and  over  again,  and  so  used,  it  is  said,  without 
any  annoyance  from  the  odour  of  the  paint.  Running  the  fan  during 
working  hours  only  reduces  the  time  in  which  the  paint  dries  by 
one-tenth.  The  apparatus  is  widely  adjustable  to  suit  varying  tem- 
peratures, as  either  live  or  exhaust  steam  can  be  turned  into  the  heater 
pipes,  and  its  amount  regulated ;  or  the  speed  of  the  fan  can  be  varied 
within  large  limits,  to  which  end  a  separate  engine  6  in.  by  9  in.  stroke 
with  steam  at  80  lbs.  pressure  is  used  to  give  it  motion.  The  success 
that  attended  this  experiment  has  justified  Mr.  E.  B.  Wall  in  extend- 
ing this  system  at  Columbus  to  the  machine,  boiler,  and  blacksmith 
shops,  and  the  annular  car  repair  shop.  At  Bloomington  the  new 
looomotive  erecting  shop  is  warmed  in  this  manner,  the  exhaust  steam 
from  the  stationary  engine  is  passed  into  an  old  boiler,  through  the 
tabes  of  which  the  air  is  drawn  and  then  delivered  into  underground 
pipes,  the  outlet  gratings  beii^  at  the  floor  level. 

This  hot  air  method  was  in  1886  adopted  for  widely  scattered  shops 
at  Cleveland,  0.,by  Mr.  J.  Walker  (see  his  communication  to  the  Civil 
Engineer's  Club  of  Cleveland,  13th  Sept.,  1887).  He  used  a  fan  10 
ft,  outside  diam.  with  engine  6  in.  by  9  in.,  running  from  50  to  275  revels. 
per  minute,  the  fan  outlet  being  42  in.  square.  With  underground 
oonduits  across  the  yards,  he  finds  that  it  requires  1  sup.  fb.  of  steam 
pipe  for  each  100  cub.  ft.  of  shop  space,  the  initial  air  temperature 
vhen  entering  the  fan,  varying  from  100^  to  180^  F.  The  conduits  are 
of  sewer  pipe,  the  largest  diameter  of  any  main  being  24  in.,  and  they 
•re  trapped  so  as  to  get  rid  of  any  water  that  might  gather.  After 
the  ground  had  dried  there  was  no  appreciable  loss  by  radiation  from  the 
iMuried  mains.  This  arrangement  permits  the  fan  and  heater  to  be 
kept  within  the  boiler  house,  and  the  water  of  condensatioD  to  be 
letumed  to  the  boiler  at  a  temperature  averaging  180^ ;  but  the  air  is 
not  used  a  second  time,  which  explains  the  increased  ratio  of  pipe« 
heating  surface  per  cubic  ft  of  space  to  be  w.anned.    However,  the 
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shops  and  foundry  are  kept  dear  of  smoke,  the  health  of  the  men  is  all 
that  can  be  desired,  and  the  system  can  as  readily  be  adapted  to  oooling 
in  summer  as  to  warming  in  winter. 

Illostrative  longitudinal  types  of  ooach  and  car  shops  may  be  seen 
at  the  Grand  Trunk  By.  works  Point  St.  Charles,  and  one  of  the  worst 
specimens  of  the  circular  shop,  although  a  very  showy  building,  at 
Mount  Clare  on  the  Baltimore  and  Ohio  By.  It  is  235  ft.  inside  diam. 
and  fully  114 11.  to  top  of  dome,  yet  has  only  space  for  21  coach  stalls 
and  an  inlet  track. 

GENERAL  DISPOSITION   OF  SHOPS. 

What  may  be  called  the  typical  grouping  of  American  railway  shops 
is  to  place  them  parallel  with  each  other,  and  with  their  longitudinal 
axis  at  right  angles  to  the  main  track  (or  chief  yard  siding),  with  several 
traverser  beds  and  tables  between  them.  In  other  words,  the  shops 
lie  side  by  side  with  their  gable  ends  fiicing  the  track* 

The  stalls  (or  shop  tracks)  being  at  right  angles  to  the  length  of  the 
buildings,  or  parallel  with  the  main  track,  if  the  traversers  are  set  in  line 
with  each  other,  a  passage  through  from  shop  to  shop  is  provided : 
ihat  is,  it  makes  a  through  temporary  passage  parallel  with  main  track. 

Good  examples  of  this  arrangement  are  the  St.  Paul  workshops 
of  the  Chicago  and  Kansas  City  Bailway,  and  the  West  Chicago 
workshops  of  the  Chicago  and  North-Westem  Bailway,  (Plate 
YII),  and  it  has  advantages,  one  of  Uie  chief  being,  that  if  suffi- 
cient width  of  land  is  secured,  it  permits  extensions  in  length  to  be 
built  uniform  with  the  existing  buildings,  without  interfering  with  the 
ordinary  railway  work ;  and  when  the  addition  is  completed,  does  not 
necessarily  require  a  resetting  of  the  machines,  shafting  or  warming 
pipes,  etc.  in  order  to  ftdly  utilize  the  added  space. 

Until  the  use  of  electrically  moved  overhead  cranes  changes  the 
shape  and  sixe  of  such  shops,  does  away  with  the  traverser,  and 
alters  their  relationship  to  the  main  track,  this  grouping  will  proba- 
bly continue  to  be  adopted.  It  necessitates  the  purchase  of  a  block 
of  land,  wide  but  not  long. 

One  of  its  most  prominent  defects  is  the  necessity  for  skylights. 
The  side  walls  are  so  cut  up  by  laige  stall  entrance  doors,  almost  filling 
the  frail  panel,  that  there  is  litde  space  for  side  windows  except  those  of 
limited  size,  framed  into  the  leaves  of  the  doors ;  while,  as  the  door  open* 
ings  cannot  be  kept  quite  close  and  tight^  in  latitudes  where  cold  high 
winds  prevail,  these  numerous  inlets  interfere  with  the  comfort  and  effi- 
ciency of  the  workmen.    However,  for  a  correspondingly  brief  period  in 
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nudsammer,  the  doors  thrown  wide  open  are  an  appreciated  Inzary, 
oompenaating  in  some  measure  for  the  winter  inconvenienoe. 

So  grouped,  the  bnildings  are  well  isolated  in  case  of  fire,  as  not  only 
does  the  width  of  the  traverser  pit  intervene,  bat  in  addition,  there  is  a 
space  of  from  ten  to  fifteen  feet  between  wall  and  edge  of  bed,  ordinarily 
ntiliied  in  the  storage  of  wheels  and  trucks. 

A  neat  and  compact  arrangement  of  shops  built  in  the  summer  of 
1887  for  the  Maine  Central  Bailway  at  Waterrille,  Me.,  is  shown  on 
Plate  VIII.  They  are  set  on  each  side  of  a  single  traverser  bed,  and 
ocenpy  but  little  land.  The  arrangement  will  not  prove  elastic  should 
extensions  become  necessary. 

In  new  works,  buildings  are  rarely  set  closer  than  fifty  feet  apart : 
forty  will  usually  fulfil  the  requirements  of  the  fire  insurance  inspection, 
while  a  distance  of  thirty  five  feet  has  been  proved  to  be  far  too  dose 
for  eftctcnt  side  light  even  with  one-storied  buildings. 

The  new  shops  of  the  Panhandle  Ry.  are  set  wide  apart,  with  many 
large  trees  left  standing  in  between  them,  forming  a  pleasing  feature  to 
the  eye ;  but  even  in  this  country  of  cheap  land,  few  railways  subordinate 
considerations  of  economy,  to  the  gratification  of  an  aesthetic  taste 
making  the  workshops  ornaments  in  a  natural  park. 

In  vivid  contrast  to  buildings  spaced  in  this  liberal  manner,  are  the 
works  of  the  London  and  South- Western  By.  at  Nine  Elms,  London, 
where  the  space  under  the  viaduct  carrying  the  four  track  main 
line  has  to  be  utilised  for  shop  room. 

Freedom  from  snow,  giving  a  wide  liberty  in  roof  design,  simplifies 
the  grouping  of  shops  in  Europe,  and  in  Grermany  a  style  of  shop  not 
uncommon  is  one  having  a  continued  hip  and  furrow  roof  covering  about 
seventeen  bays.  With  sufficient  glass  (part  of  it  movable)  there  is 
no  reasonable  limit  to  the  amount  of  light  and  fresh  air  admitted,  and 
when  artificial  heat  is  necessary,  the  lack  of  height  in  the  building,  is  a 
help  to  the  warming.  In  many  instances  the  establishment  is  under  one 
roof,  as  at  St.  BoUox  on  the  Caledonian  By.,  Scotland,  the  area  being 
twelve  acres — or  the  locomotive  shops  are  under  the  one  roof  and 
the  car  shops  under  another.  The  number  of  trolly  tracks  and  power 
cranes,  and  the  compact  setting,  makes  the  handling  of  material  and 
work  a  simple  matter. 

In  plan,  Uie  tendency  is,  for  the  longitudinal  axis  of  the  main  building, 
and  the  stall  tracks,  to  run  parallel  with  the  main  track,  so  that  the  plot 
of  land  required  is  long  and  narrow,  as  for  instance  in  the  Norwich  new 
shops  for  the  Lancashire  and  Yorkshire  By.,  the  erecting  shop  of  200 
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engines  capacity,  with  six  parallel  tracks  and  a  central  machine  bay, 
is  1,520  feet  long — almost  one-third  of  a  mile. 

Although  in  Canada  and  the  Northern  States,  shop  roofs  cannot  be  a 
continnoos  duplication  of  small  pieces,  yet  the  main  buildings  may  have 
duplicate  roofs,  that  is,  a  uniform  span  may  be  adopted  for  erecting, 
machine,  boiler,  car  and  paint  shops,  &c.  The  Pennsylvania  Ky.  has  so 
designed  and  built  combined  shops,  that  the  portion  originally  used  as  car 
shops,  can  at  slight  expense  be  adapted  for  locomotive  repairs,  when  the 
growth  in  business  shall  justify  the  increase  of  this  section  and  the 
removal  of  the  car  department  to  another  location. 

On  the  general  question  of  grouping,  the  late  A.  L.  Holley  may  be 
quoted.  Speaking  more  particularly  of  steel  works,  he  remarks  ''  Joliet 
is  perhaps  the  only  establishment  where  railroads  were  laid  out  first 

and  buildings  made  to  fit and  in  designing  works,  provision  only 

can  be  made  for  mininum  amount  of  rehandling  and  hand  labor,  by 
going  over  all  the  operations  on  paper  by  different  arrangements  again 
and  again,  and  not  trusting  to  general  ideas  to  be  worked  out  when 
it  is  too  late  to  move  a  building  that  happens  to  be  in  the  way.'' 

For  intercommunication,  not  only  between  the  chief  offices  and  fore- 
men's offices,  but  also  between  shop  and  shop,  and  each  bench  and  the  too 
room,  electric  bells,  telephone  service  and  displayed  signals  to  call 
persons  moving  about  through  the  works,  to  the  nearest  telephonel 
are  daily  receiving  more  general  adoption,  and  their  usefulness  is  so 
marked,  that  a  single  experiment  with  them  is  sure  to  result  in  their 
permanent  use. 

From  the  Drawings  accompanying  this  paper  Plates  YII  and  YIII 
have  been  prepared. 
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Appendix  A. 
Showing  the  relative  area  of  Bailwaj  shops  for  Locomotive  Deport- 
ment.    The  first  oolamn  gives  the  percentages  in  comparison  with  the 
ereotin,^  shops  which  is  taken  at  unity  (100) ;  and  the  second  colnmn 
the  percentage  of  the  total  roofed  area  devoted  to  locomotive  purposes. 
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Appendix  B. 
Showing  the  rdative  area  of  Ruilway  shop  for  Car  Department. 
The  first  column  gives  the  percentages  in  comparison  with  the  combined 
area  of  both  Passenger  and  Freight  erecting  shops,  which  is  taken  as 
unity  (100),  and  the  second  column,  the  percentage  of  the  total  roofed 
area  devoted  to  car  purposes. 


DISCUSSION. 

One  point  of  the  paper  on  workshope  particolarly  draws  attention,  acr.  F.  Biown. 
'<  How  long  does  it  take  to  repair  an  engine  ?  "  The  author  states  as 
an  average  common  in  America  that  heavy  repairs  occupy  90  days, 
medinm  repairs  60  days,  light  and  specific  30  days.  The  speaker  most 
take  entire  exception  to  such  an  average.  If  the  author,  in  using  the 
word  "  America,"  means  that  part  of  this  continent  called  the  *'  United 
States,"  the  speaker  cannot  challenge  the  statement;  but  so  far  as 
Canada  is  concerned,  in  his  experience,  the  figures  are  incorrect.  In 
any  properly  designed  and  organized  divisional  rtpavr  shop,  the  limit 
of  time  for  a  heavy  repair  should  be  60  days,  it  being  understood  that 
the  author,  in  speaking  of  heavy  repairs,  does  not  include  engines 
''  rebuilt."  A  medium  repair  occupies  about  30  days  at  the  very 
outside,  and  light  and  specific  repairs  from  7  to  14  days. 

In  main  shops  of  a  large  Railway  Company  with  proper  supervision, 
the  length  of  time  occupied  in  these  different  classes  of  repairs  should  be 
Tery  much  reduced.  A  heavy  repair  should  occupy  a  maximum  of  42 
days,  a  medium  repair  21  days,  and  light  and  specific  from  3  to  14 
days.  Under  these  circumstances  the  author*s  figures  for  comparative 
area  of  erecting  shops  would  be  entirely  wrong,  and  careful  attention 
given  to  the  outfit  of  the  machine  shop  must  considerably  reduce  the 
necessary  area  of  the  erecting  shop. 

To  show  what  can  be  done  in  well  organised  shops,  a  couple  of 
instances  may  be  given.  In  June,  1886,  an  order  was  given  to  the 
Canadian  Pacific  Railway  shops,  Montreal,  to  build  some  Consolidation 
engines,  which  were  an  entirely  new  class ;  a  complete  set  of  working 
dravnngs  had  to  be  made,  all  quantities  got  out,  materials  imported  and 
otherwise  prepared,  and  the  first  engine  was  on  the  road  exactly  90  days 
after  receipt  of  the  order. 

Later  on,  in  June,  1887,  the  same  shops  received  an  order  to  build 
some  17"  x  24 "road  engines,  for  which  all  materials  had  to  be  procured, 
aome  of  them  imported,  and  the  first  engine  on  the  order  was  on  its 
trial  trip  77  days  after  receipt  of  that  order.  These  statements  are 
merely  advanced  to  prove  what  can  be  done  and  what  is  done  in  Canada, 
and  are  not  puffing  advertisements  such  as  were  published  lately  in  an 
American  Railway  Paper,  stating  that  in  the  Altoona  shops  on  the 
Pennsylvania  Railway,  a  locomotive  was  <<  erected ''  inside  of  17  hours. 
Illustrations  of  this  performance  were  distributed  freely,  and  the  reci- 
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pientB  were  asked  to  place  this  absurd  assertion  in  a  eonspicuoos  place. 
Practical  men  know  this  performance  to  be  utter  nonsense,  so  far  as 
'^  erecting  "  in  the  true  sense  of  the  word  is  concerned. 

The  speaker  also  desires  to  ask  the  author  to  explain  why  he  calcu- 
lates on  four  or  five  per  cent  of  his  motive  power  being  in  the  yard, 
'^  waiting  to  come  into  the  erecUng  shop  for  general  repairs."  If  the 
shop  is  properly  designed,  where  is  the  necessity  for  any  engine  to  be 
kept  waiting  for  repairs  ?  This  provision  is  one  which  it  seems  difficult 
to  account  for,  and  it  calls  for  explanation. 

Mr.  Waiiis.  He  was  glad  to  note  that  the  author  expressed  preference  for  the 

'^  longitudinal "  type  of  running  shed,  and  fully  endorsed  his  remarks 
in  reference  thereto. 

On  the  Grand  Trunk  Railway,  there  were  but  two  exceptions  to  the 
circular  type  of  shed  or  round  house  commoaly  so  called,  both  referred 
to  in  the  paper. 

The  one  at  Montreal  contained  five  tracks,  and  accommodafced  twenty- 
five  engines,  while  that  at  Lindsay  had  four  tracks  and  was  designed  for 
twenty  engines. 

The  larger  of  the  two  with  its  approaches,  iron  turntable  standing 
outside,  water  service  pipes,  steam  warming  arrangements,  sand  house 
and  tool  store,  cost  about  950,000.00  or  at  the  rate  of  92,000.00  per 
nominal  engine  accommodated. 

The  sheds  were  built  in  some  d^ree  as  an  experiment,  but  from  his 
experience  elsewhere  with  similar  ones  he  had  little  doubt  when  he 
designed  them  of  their  being  successfully  worked. 

The  round  house  with  some  advantages  had  one  serious  defect 
If  built  of  wood  with  the  usual  felt  and  gravel  roof,  so  common  in 
Canada,  it  was  unusually  liable  to  take  fire,  and  he  knew  of  an  instance 
when  nine  locomotives  were  burnt  almost  beyond  recognition,  it  having 
been  impossible  to  extricate  them  from  the'  shed  whose  exit  was  con- 
trolled by  a  central  turntable. 

The  same  defect  was  also  forcibly  apparent  in  case  of  accidents  which 
occasionally  happened  to  turntables,  and  he  was  sure  that  many  Rail- 
way officers  could  recall  instances  of  annoying  delays  resulting  from 
this  cause,  which  could  not  have  occurred  with  '^  longitudinal  *'  sheds 
and  out<<ide  turntables. 

It  would  also  be  readily  understood  that  while  a  round  house  could 
only  accommodate  the  specific  number  of  engines  for  which  it  was 
designed,  a  long  shed  constructed  with  the  same  length  of  standing  room 
could  house  a  percentage  beyond  that  number,  varying  with  the  length 
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of  the  engines  and  the  nnmber  of  parallel  tracks  within  it  In  severe 
weather  this  was  an  important  consideration,  and  when  tank  engines 
formed  part  of  the  equipment,  additional  aooommodation  of  twenty  per 
cent,  or  say  one  engine  per  track,  might  be  obtained. 

The  difficulty  mentioned  by  the  author  in  the  arrangement  of  the 
engines  for  prompt  despatch  did  not  exist,  or  at  any  rate  was  not  felt  in 
practical  operation. 

He  thought  it  likely  that  the  author's  estimated  cost  of  (1,000.00 
per  pit  for  round  house  did  not  include  water  service  pipes,  and 
arrangements  for  warming  and  turning  engines ;  but,  setting  aside  the 
question  of  first  cost,  the  only  advantages  which  he  had  been  able  to 
discover  for  that  type  of  shed  were  those  of  better  light  and  more  con- 
venient location. 

Skylights  were  not  satisfactory  because  they  were  difficult  to  keep 
clean,  and  subjected  the  roof  to  unnecessaiy  chances  of  decay,  and  it 
was  dear  that  the  distribution  of  light  from  side  windows  was  better  in 
a  circular  ahed. 

As  to  location,  angles  or  comers  were  often  formed  in  large  yards  by 
the  leads  of  the  sidings  from  the  main  line,  and  these  comers  made 
convenient  sites  for  square  or  circular  houses,  when  otherwise  the  adop- 
tion of  the  long  shed  might  be  attended  with  loss  of  ground  space. 

In  r^ard  to  repair  shops,  he  noticed  how  widely  different,  on  differ- 
ent i^ailways,  was  the  division  of  the  total  floor  space  among  the  various 
shops.  The  tendency  seemed  to  be  towards  unduly  large  erecting  shops, 
and  this  might  explain  the  rather  high  average  given  for  engines  under 
repairs.  The  average  for  the  year  1388,  for  all  classes  of  repairs  on  the 
Grand  Trunk  By.,  was  35  days,  but  he  was  sure  that  this  could  be  still 
further  decreased  with  the  aid  of  a  liberal  expenditure  in  the  direction 
of  the  machine  shop. 

The  division  of  time  as  between  engines  under  heavy,  medium  and 
light  repairs,  was  somewhat  different  from  his  experience,  but  as  the 
character  of  the  repairs  might  vary  widely  in  various  shops,  it  was 
difficult  to  establish  an  exact  comparison.  He  thought  that  130  days, 
12  days  and  3  days,  was  more  nearly  the  average  under  the  heads 
mentioned,  when  the  heavy  repairs  constituted  for  the  most  part  an 
almost  entire  reconstruction,  and  mcluded  a  new  boiler,  and  perhaps 
new  cylinders,  with  time  allowance  necessary  for  painting  and  to  allow 
for  the  deUy  caused  by  waiting  for  materials,  a  Urge  quantity  of  which 
it  was  not  usual  to  keep  in  stock. 

Heavy  repairs  such  as  he  had  indicated  would  enable  an  engine  to 
endure  three  years  work,  with  perhaps  an  intermediate  medium  repair, 
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oonsistiDg  of  retnbing  and  turaiiig  tyres,  so  that  DOt  more  than  14  or 
15  per  oent.  of  the  stock  need  be  oat  of  the  serrioe  on  this  aooonnt. 

He  was  aware  that  under  &yorable  conditions,  and  with  special  effort, 
much  better  results  oould  be  obtained,  and  he  had  in  this  manner 
turned  out  new  engines  at  the  average  rate  of  one  every  eight  days,  for 
a  whole  year ;  but  this  was  exceptional  in  railway  works  largely  engaged 
in  extensiye  repairs,  which,  he  might  add,  required  more  labour  and 
longer  time. 

Light  repairs^  in  his  nomenclature,  were  such  as  could  be  executed  for 
the  most  part  in  the  running  sheds,  and  consisted  of  rebushing  outside 
connecting  rods,  closing  brasses,  facing  valves  and  seats,  and  changing 
truck  and  tender  wheels. 

Eeferring  to  the  question  of  the  foundry,  he  said  that  the  foundry 
at  Montreal  on  the  Grand  Trunk  By.  was  an  old  engine  shed  of  the 
crucifurm  type,  which  anfnfered  the  purpose  remarkably  well;  the 
radial  cranes  swung  from  the  inner  angles.  He  might  have  preferred 
to  use  overhead  cranes,  but  the  roof  was  not  high  enough  to  admit 
them. 

Mr  J.  Harkoia  A  review  of  the  very  full  information  contained  in  the  paper  under 
discussion  has  led  the  writer  to  believe  that  more  attention  might  be 
given  to  ''  Location,"  and  that  the  remarks  of  the  author  on  acquir- 
ing a  sufficiency  of  land  are  worthy  of  being  followed  up. 

The  necessity  for  ^^  elbow  room  "  has  been  so  frequently  shewn  by 
the  growth  of  railway  enterprises  far  beyond  the  views  of  their  pro- 
moters, that  it  may  fairly  be  assumed  when  new  railways  are  being 
constructed  they  will  in  the  future  (more  or  less  remote)  require,  for 
their  rolling  stock  and  other  equipment,  more  facilities  than  are  needed 
when  the  railway  is  first  constructed,  and  which  for  the  simplest  rea- 
sons are  made  as  small  as  can  be  considered  consistent  with  the  require- 
ments of  the  business  expected  on  the  road. 

The  question  of  land  is  one  which  lends  itself  to  a  different  method 
of  dealing,  compared  with  the  construction  of  works,  and  is  one  to  be 
treated  from  an  entirely  different  standpoint. 

Works  of  any  kind  which  might  be  constructed  in  advance  of 
immediate  requirements  would  not  only  lock  up  unnecessary  capital, 
but  deteriorate  and  cause  expense  for  repairs. 

On  the  contraiy,  land  always  has  been,  and  always  must  be,  so  long 
as  proprietorship  in  it  is  recognized,  a  good  investment  in  such  localities 
as  those  under  consideration,  returning  good  interest  on  capital  invested, 
and  never  being  cheaper  than  before  the  railway  is  built. 
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The  instanoeB  of  cramped  sites  given  by  the  author  show  the  advisa- 
bilitjr  of  the  policy  advocated  wherever  it  is  practicable. 

The  creation  of  new  shops  on  a  line  already  built  is  subject  neces- 
sarily to  somewhat  different  conditions,  but  the  same  principle  should 
govern. 

The  disposition  of  shops  in  large  works,  such  as  noticed  by  the 
author,  appears  to  the  writer  of  the  very  first  importance,  and  the  latter 
endorses  heartily  the  principle  that  the  general  plan  should  be  rect- 
angular rather  than  those  referred  to  at  Prankfort,  N.  Y.,  and  Piatts- 
month,  Nebraska. 

A  great  argument  in  favor  of  the  rectangular  system,  is  that  all  the 
area  of  the  works  can  be  more  fully  utilized  in  that  way  than  by  any 
radial  arrangement,  and  the  poisibility  of  communication  from  shop  to 
shop  is  of  very  great  benefit  in  works  of  the  kind,  especially  in  locomo- 
tive shops,  which,  in  the  writer's  opinion,  should  run  as  described  by  the 
author. 

In  car  shops,  on  the  contrary,  their  length  should  be  in  the  direction 
of  the  main  tracks,  or  so  that  they  can  be  readily  shunted  by  means  of 
sidings  from  them,  the  idea  being  that  in  the  case  of  passenger  cars,  whole 
trains  should  be  turned  out  together,  as  is  r^ularly  done  in  England 
and  in  many  cases  in  the  Grand  Trunk  Railway  shops  at  Montreal. 

The  supposed  difficulty,  noticed  as  such  by  the  author,  should  never 
eidst  if  a  proper  knowledge  of  what  is  required  to  be  done  to  each  car 
has  been  obtained  before  it  goes  to  the  shop,  as  should  be  the  case, 
and  what  better  opportunity  is  afforded  for  sorting  cars  than  the 
sidings  leading  to  such  a  shop  as  described,  with  six  or  seven  tracks  ? 
For  it  must  not  be  forgotten  that  the  sorting  of  cars  has  to  be  done, 
whatever  kind  of  shop  is  used. 

ilie  transfer  and  turntable  are  not  only  higher  in  first  cost  than 
common  sidings,  but  are  more  expensive  to  maintain,  more  cumbrous 
and  slow,  where  so  many  more  cars  have  to  be  handled  than  engines  in 
the  shops,  the  objections  on  that  score  not  being  of  so  much  importance 
in  the  case  of  the  latter.  More  cars  can  actually  be  worked  upon  in  a 
k>ngitudinally  arranged  shop  than  in  the  other  kinds,  thus  reducing  the 
area  to  be  roofed  and  walled,  to  say  nothing  of  warming  in  a  cold 
dimate.  This  is  applicable  to  both  freigiit  and  passenger  oar  shops 
for  erection;  while  for  car  machine  shops,  both  for  wood  and  iron, 
the  benefit  in  rapid  handling  of  the  bulky  material  used  in  them, 
through  the  use  of  tracks  paralldi  to  them  and  easily  accessible,  is  very 
great 

An  important  consideration  in  the  location  and  general  disposition  of 
car  shops  is  the  ready  reception  from  and  delivery  to  traffic  of  the  cars. 
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The  approaches  to  these  shops  should  never  be  hampered,  or  the 
resalt  will  be  a  peouniary  loss,  by  oars  being  kept  from  traffic  when 
they  are  badly  n^ed. 

To  return  to  the  locomotive  shops,  the  writer  is  under  the  impression 
that  the  author^  while  giving  many  examples,  has  not  laid  down,  in  a  suffi- 
ciently dear  manner,  the  order  in  which  the  several  shops  should  stand, 
nor  the  location  of  that  very  important  establishment  '*  the  stores,  " 
and  with  that  idea  suggests  the  following  as  embodying  principle^,  the 
Delect  of  which  affects  in  an  unfavorable  manner  the  working  expenses. 

The  fact,  that  in  Urge  works,  every  time  a  piece  of  work  is  handled, 
it  costs  more  or  less  money,  should  never  be  lost  sight  of,  and  that  system 
is  the  best  which  provides  for  the  fewest  handlings  outside  those  abso- 
lutely necessary  for  manufacture  and  treatment  in  the  different  processes. 

All  material  should  be  delivered  at  the  stores,  weighed,  measured,  and 
tested  by  officials  of  that  department. 

The  stores  should  be  located  in  such  a  position,  that  easy  access  can 
be  had  to  them  by  tracks  and  waggons. 

The  object  of  the  works  being  to  turn  out  finished  articles  in  the  shape 
of  engines  and  cars,  the  store  should  be  placed  between  the  two  sets  of 
shops,  with  the  idea  that  raw  material  supplied  from  them  should  issue 
in  the  shape  of  finished  work  at  the  opposite  end  of  each  set  of  shops. 

The  shops  handling  the  heaviest  material  should  be  nearest  the  stores, 
therefore  the  first  shop  in  the  locomotive  series  should  be  the  boiler  shop, 
then  the  smith's  shop,  the  machine  shop,  wheel  shop,  erecting  shop,  tin 
shop,  and  paint  shop  in  the  order  in  which  they  are  named. 

Lumber  being  a  special  article  of  large  bulk,  and  necessitating  a  large 
stock,  should  be  kept  in  its  own  yard  a  considerable  distance  from  the 
works ;  but  access  to  it  should  be  readily  had  from  the  main  tracks. 

The  position  of  the  Foundry  is  much  the  same  as  that  of  the  stores, 
and  should  be  located  as  near  to  both  locomotive  and  car  shops  as  possi- 
ble. 

Two  tracks  should  run  the  whole  length  of  the  works  with  frequent 
cross-over  switches  and  connection  to  the  transfer  table  in  boiler  and 
erecting  shops,  if  such  is  used ;  and  by  the  simple  precaution,in  first  laying 
out  the  shops,  of  establishing  the  floor  levels  two  feet  above  the  mean 
out-door  level,  which  will  ensure  dry  ground  around  the  shops,  the  tra- 
versers may  be  worked  out  ofdoors,  even  in  Canada,  so  saving  the  extra 
roof  referred  to  by  the  author. 

Where  the  traverser  can  thus  be  used,  it  is,  in  the  opinion  of  the  writer, 
far  preferable  to  the  overhead  crane  system,  which  calls  for  construc- 
tion of  the  shops  in  a  much  more  expensive  manner  than  the  traverser 
system. 
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A  very  yital  requisite  in  all  large  works  is  a  gdod  and  effective  system 
of  drainage,  with  easily  accessible  xnanholes  at  junction  points. 

If  possible,  the  water  pipes  should  be  laid  in  such  a  way  that  breaks 
can  be  attended  to  without  cutting  off  the  whole  supply  of  the  works. 
This  can  be  done  by  double  mains,  and  the  laying  out  of  sectional  areas, 
which  can  be  cut  off  separately  if  required. 

A  very  important  question  is  that  touched  on  by  the  author,  under  the 
head  of  transmission  of  power,  in  the  last  two  paragraphs. 

The  location  of  boiler  houses  is  an  important  one,  and  the  writer  is  of 
opinion  that  by  the  careful  building  of  steam  pipe^,  with  provision  for 
their  expansion  (not  necessarily  of  the  gland  pattern  so  frequently  used), 
and  protection  from  radiation,  steam  can  be  economically  carried  long 
distances. 

The  use  of  one  large  engine  to  drive  a  large  quantity  of  machinery  in 
such  shops  is  not  so  good  as  a  number  of  small  engines,  each  working  its 
own  group  of  machinery,  and  therefore  the  construction  of  central  boiler 
houses,  with  track  accommodation  for  the  handling  of  fuel  and  refuse,  is 
a  good  arrangement. 

The  writer  has  so  far  treated  the  supposed  works  as  situated  all  on 
one  side  of  the  main  works  tracks ;  and  it  having  been  assumed  that  the 
whole  have  been  laid  out,  the  tracks  included,  on  fresh  ground,  these 
would  of  course  have  been  placed  in  the  centre  of  the  plan. 

The  occupation  of  the  other  side  will  now  be  considered,  and  it  is 
there  that  the  Foundry,  stationary  boilers,  and  such  shops  for  the 
manufacture  of  permanent  way  materials,  should  be  located,  with  such 
sidings  as  are  needed  for  all  these  works. 

The  locomotive  yard  should  be  on  the  same  side  as  the  erecting  shop, 
to  which,  if  it  can  be  so  arran<red,  there  should  be  two  tracks  or  sidings 
one  for  the  delivery  of  new  boilers  and  engines  for  repair,  and  the  other 
for  the  exit  of  the  completed  engines  en  route  to  the  paint  shop. 

Engine  or  running  sheds  are  a  different  class  of  buildings,  and  neces- 
sarily vary,  as  shown  in  the  paper  under  discussion. 

They  should  be  always  located  at  a  distance  from  the  works  so  called. 

The  importance  of  being  able  to  enter  or  leave  at  opposite  sides  or 
ends  cannot  be  too  highly  rated,  whatever  be  the  shape  of  the  house, 
whether  annular  or  rectangular. 

This  was  evidently  understood  in  the  case  of  a  rectangular  shop  at 
Cardiff,  mentioned  by  the  author ;  and,  if  necessary,  the  writer  thinks 
that  a  loop  around  a  shop  should  be  constructed  to  gain  the  end  desired, 
which  is  to  allow  engines  to  be  regularly  and,  in  cases  of  neoessity^ 
promptly  turned  out  for  service. 
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Whether  the  shop  shall  be  of  the  general  annular  shape  or  rectan- 
gnlar  is  not  of  such  great  moment,  intelligent  supervision  and  handling 
will  give  good  results  with  either,  while  in  ease  of  fire,  the  rectangular 
type  has  great  advantages  over  the  other,  and  is  not  dependent  on  the 
turntable  to  empty  it,  should  the  latter  break  down,  which,  as  a  piece 
of  machinery,  it  is  liable  to  do. 

A  very  valuable  addition  to  the  usual  plan  of  covering  these  build- 
in<zs  is  a  double  roof,  which  successfully  prevents  condensation  in 
cold  weather,  and  also  prevents  the  formation  of  icicles.  A  shed  roof 
repaired  last  fall  (1888),  under  the  supervision  of  the  writer,  has  given 
excellent  results  during  the  last  winter,  and  justified  the  expectations 
formed  of  it. 

The  old  roof  was  a  flat  one,  a  little  over  half  an  acre  in  extent, 
covered  with  the  ordinary  gravel  and  tar  felt. 

The  gravel  was  all  scraped  off  the  felt,  which  was  patched  and 
repaired  with  Sparham  roofing  material,  where  such  was  necessary, 
afler  which  four-inch  scantlings  were  laid,  and  common  boards  laid  on 
them,  the  ends  being  partially  closed  by  overlapping  at  eaves,  in  order 
not  to  entirely  prevent  circulation.  The  building  was  then  handed 
over  to  the  roofers,  who  readily  gave  a  ten  years'  guarantee  for  the  roof, 
the  contractor  telling  the  writer  that  his  experience  of  double  roofs  was 
that  he  had  no  repairs  to  do  to  them,  the  action  of  the  weather,  snow 
ice,  &c.,  being  practically  reduced  to  the  very  lowest  possible  point. 

As  an  economy  in  this  direction,  the  writer  is  satisfied  good  results 
will  follow,  while  the  extra  expense  will  be  scarcely  felt. 

For  slate  on  pitch  roofs,  the  writer,  as  mentioned  by  the  author,  has 
had  excellent  results  by  laying  the  slates  on  strips  pitched  the  right  dis- 
tance apart,  three  winters  at  Arthabat^ka  having  failed  to  show  an 
icicle  on  the  eaves,  and  others  since  built  give  the  same  result.  Slate  on 
a  pitch  roof  of  one  in  three  and  a  half  has  been  successfully  laid  by  the 
writer  on  fuel  sheds,  and  this  winter  he  has  seen  the  snow  slide  off  that 
roof. 

The  slate  mentioned  by  the  author  is  unsurpassed  in  quality,  and 
the  writer  took  steps  to  compare  it  with  English  (or  Welsh)  slate  when 
in  England,  in  1886,  at  the  ''  Colinderies,*'  the  comparison  being  in  the 
highest  degree  favorable  to  the  Canadian. 

On  the  subject  of  ventilation  the  writer  would  like  to  make  a  few 
remarks  as  to  the  material  and  construction  of  ventilators,  which  he 
holds  should  be  so  constructed  that  in  cold  weather  condensation  on 
their  sides  should  be  avoided. 

The  use  of  iron  has  the  effect  in  cold  weather,  of  creating  a  conflict 


Discusaion  on  Work  Shops.  189 

of  carrents  in  all  iron  ventilatorB,  which  the  writer  has  foand  is  DOt 
done  when  wood  is  used,  the  sides  being  doubled  and  an  air  space  left 
around  them. 

The  painting  of  the  insides  with  fireproof  paint  makes  ihem  perfectly 
safe,  while  a  down  draught  never  takes  place  in  them.  The  writer  has 
in  cold  weather  seen  vapor  desceod  on  an  iron  ventilator,  and  directly  pass 
to  and  out  of  a  ventilator  made  as  described  of  wood.  A  number  of 
these  are  in  use  on  engine  sheds,  placed  there  under  the  writer's  super- 
vision, with  good  results,  and  they  are  in  use  on  the  roofs  of  the  smith's 
shop  and  foundry  of  the  Grand  Trunk  Ry.  at  Montreal. 

He  took  exception  to  the  vague  title  of  the  author's  communication,  Mr.  Atkinflon. 
which  he  thought  might  have  been  more  correctly  entitled  "  Railroad 
Shops,"  as  it  had  reference  to  them  only. 

Basing  his  remarks  upon  the  different  headings  as  they  appeared  in 
the  paper,  he  referred  first  to  the  foundations,  and  asked  what  protec- 
tion was  provided  for  iron  pillars  run  down  below  the  floor  level,  as  he 
thooght  they  would  be  liable  to  rust  if  the  ground  was  ''made."  It 
was  probably  a  cheap  way  of  building  a  shop,  but  he  doubted  whether 
the  maintenance  of  the  pillars  would  be  economical 

In  building  up  the  supports  fur  the  rails,  he  noticed  that  the  system 
of  iron  girders  had  been  adopted  at  the  Stratford  shops,  and  asked  if 
they  were  supposed  to  make  the  side  of  the  pit,  because  if  so,  the  space 
below  would  require  filling  up,  of  which,  however,  there  was  no  mention. 
No  doubt  the  result  would  be  a  very  good  floor,  and  one  on  which 
enuines  could  be  easily  moved  about  when  required. ' 

Nothing  was  said  about  the  pits,  and  as  he  had  seen  some  of  very 
bad  construction,  he  would  like  to  hear  from  the  author  on  the 
subject  He  knew  nothing  worse  than  pits  made  with  a  concave  floor ; 
they  were  inconvenient  and  costly  to  maintain,  and  the  workmen  often 
stood  in  water  unless  there  was  a  good  system  of  drainage. 

He  advocated  a  convex  floor  with  a  brick  set  down  at  euch  side  about 
4  inches  deep,  to  act  as  a  gutter,  which,  would  render  it  much  more 
pleasant  for  men  while  working  and  easier  to  keep  in  repair,  as  it 
could  be  taken  up  at  any  time  without  interfering  with  the  rest  of  the 
flooring. 

As  to  the  walls,  roof  trusses  ought  to  be  supported  upon  heavy 
pilasters,  and  no  one  could  afford  to  build  anything  more  than  a  light 
wall  between.  The  heavy  pilasters  put  outside  the  wall  took  up  a 
considerable  amount  of  room  which  might  be  used  for  shop  room,  if 
put  inside,  in  which  case  ihey  would  also  be  useful  in  erecting  or 
machine  shops,  for  carrying  crane  ways,  etc. 
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Beferring  to  engine  houses,  it  seemed  that  the  author  had  contem- 
plated a  flat  roofed  engine  house,  with  an  outer  ring  much  higher 
than  the  inner  one,  causing  the  slope  of  roof  to  be  inwards.  Most  of 
the  roofs  he  had  seen  sloped  outwardly,  giving  a  roof  6  or  8  feet  lower 
at  the  outside  than  if  sloped  inwardly,  and  as  in  cold  climates  like 
that  of  Canada,  the  number  of  cubic  feet  of  air  to  be  heated  was  a  con- 
sideration, he  was  of  opinion  that  the  best  results  in  this  respect  would 
be  obtained  with  a  roof  sloping  outwardly.  There  was  usually 
sufficient  light  for  most  purposes  with  an  inner  wall  of  wood  and 
glass ;  but  if  more  light  was  required,  a  half  mansard  type  of  roof  with 
windows  above  would  supply  the  deficiency. 

The  author  had  referred  to  the  cedar  foundation  posts,  6  or  8  feet 
apart  as  "  carrying  a  mudsill"  This,  the  speaker  presumed,  was  a 
misprint  and  should  have  read,  ^*  placed  upon  a  mudsill." 

The  system  of  roof  adopted  by  Mr.  Harkom,  would  give  great  free- 
dom from  icicles,  which  were  alike  deHtructive  to  the  engine  house 
roof  and  walls ;  but  he  was  of  the  opinion  that  the  slates  would  easily 
be  blown  off  if  subjected  to  strong  winds,  and  that,  unless  there  was 
a  blockade,  there  would  be  great  liability  to  fire  from  the  depositing  of 
sparks. 

The  rectangular  style  of  engine  house  was  not  much  used  in  Canada, 
although  it  would  probably  give  the  greatest  amount  of  satisfaction 
when  the  ground  covered  and  the  cost  were  taken  into  consideration. 

The  "  Oil  House  ''  and  **  8and  House  "  might  have  been  omitted  from 
the  paper,  and  more  space  given  to  the  details  of  shop  building.  For 
example,  the  class  of  root'  and  the  material  and  oonstruction  of  the  samo 
had  not  been  touched  upon.  He  had  no  doubt  that  the  area  of  the 
erecting  shop  (as  he  had  since  been  informed  by  the  author)  was  a 
good  average  for  the  American  system  of  repairs,  but  he  wished  the 
author  had  given  some  information  as  to  what  could  be  done  in  regard 
to  the  output  of  engines  for  a  given  size  of  shop,  because  there  was  no 
doubt  that  the  time  given  would  demand  a  larger  shop  than  those  of 
modem  construction. 

Deep  traversers  or  transfer  tables  were  generally  admitted  to  be 
more  of  a  nuisance  in  a  shop  than  otherwise^  if  they  could  be  done  with- 
out, and  were  therefore  made  as  shallow  as  possible. 

He  had  seen  one  of  a  new  pattern  mentioned  in  the  Railroad  Gazette, 
as  being  adopted  by  the  Pennsylvania  By.,  but  did  not  know  whether 
it  was  used  inside  or  outside.  It  was  60  feet  long,  and  he  did  not  think 
it  would  be  necessary  to  put  a  traverser  of  that  length  in  a  shop  for  en* 
gines  ]  but  if  used  for  coaches,  it  would  not  be  long  enough  for  the  later 
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and  larger  olaases,  and  the  design  was  too  deep  and  heavy  to  be  econo- 
mical. 

The  sjatemH  of  obtaining  power  for  traversers  were  so  various,  that  it 
could  scarcely  be  a  present  subject  of  discussion.  Everyone  used  just 
what  they  thought  suited  best. 

The  remarks  on  overhead  travelling  cranes  led  the  speaker  to  think 
that  the  author  was  much  in  favor  of  their  use,  although  he  did  not 
say  so.  From  his  experience,  he  should  be  very  sorry  to  be  without 
them.  A  break  down  with  an  overhead  travelling  crane  was  as 
bad  as  having  20  or  30  men  away  from  the  shop,  and  it  was  impossible 
to  get  the  same  amount  of  work  done  on  the  same  floor  space  without 
cranes.  They  were  handy  alike  for  movmg  heavy  and  light  weights, 
saved  an  inmiense  amount  of  time,  and  were  not  liable  to  cause  accident 
to  the  men  working  around. 

Of  the  cranes  under  the  speaker's  direct  charge  at  the  Canadian 
Pacific  shops,  the  speed  of  the  slowest  is  2^  feet  per  min.  raising,  and 
3}  feet  per  min.  lowering;  the  next  being  six  feet  per  min.  raising, 
and  lj[  feet  per  min.  lowering ;  and  the  quickest  17  feet  per  minute 
raising,  and  22  feet  per  min.  lowering,  suitable  for  all  light  work. 
The  travelling  speed  is  60  feet  per  min.,  and  the  traversing  speed 
of  crab  40  feet  per  minute. 

They  were  made  by  Craven  Bros.,  of  Manchester,  who  were  among 
the  best  manufacturers  in  England  for  good  and  efficient  work. 
The  capacity  is  25  tons ;  each  has  a  single  crab  with  double  chains 
to  the  lower  pulley  or  hook,  with  three  speeds  of  lifting  and  lowering  as 
before  mentioned.  The  span  is  about  55  feet,  rail  to  rail,  and  the 
oost  about  $3,000  f.o.b.  Liverpool ;  tramways  and  cost  of  placing  in 
position  being  of  course  additional  items.  They  occupy  8  feet  in 
height  from  the  lower  side  of  the  cross  girders  to  top  of  the  crab,  are 
supported  upon  cast  iron  pillars,  and  are  driven  by  l^in.  man  ilia  rope, 
running  at  a  speed  of  2,500  feet  per  minute. 

In  cranes  with  two  crabs,  the  chains  have  to  be  so  long,  that  the  wear 

and  tear  become  excessive,  and  the  danger  from  broken  links  much 

greater. 

In  the  matter  of  driving  power  the  author  seemed  to  be  in  error.  At 

the  Canadian  Pacific  shops  they  had  been  using  a  leather  belt  which  had 

been  in  service  for  5  years,  but  having  now  given  way  it  was  being 

replaced  by  a  rubber  one. 

It  was  almost  impossible  to  discuss  the  subject  of  machine  grouping 

without  a  plan  of  the  shop,  giving  the  location  of  the  other  shops,  and 

information  as  to  the  delivery  of  material,  and  whether  or  not  cranes 

were  used  in  transferring  the  same. 
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He  has  under  bis  chaise  a  single  rail  orane  of  Ramsbottom  type, 
with  a  capacity  of  three  tons,  and  a  radius  of  13  feet,  which  is  of 
great  assistance  in  moving  heavy  weights  about  the  shop,  and  which 
enables  them  to  do  a  laige  amount  of  work  in  the  course  of  the  day. 
This  crane  txavels  at  a  speed  of  44  feet  per  minute  raising,  and  at 
6^  feet  per  minute  lowering,  the  driving  rope  being  f  in.  diameter 
and  travelling  1,500  feet  per  minute.  He  does  not  know  that  it  is 
preferable  to  an  overhead  travelling  crane,  but  it  is  much  cheaper  for 
the  amount  of  service  it  gives,  and  does  not  take  up  much  side  room. 

In  placing  machinery  in  a  gallery,  it  should  be  located  down  the  two 
sides,  as  Uiis  plan  would  give  greater  facilities  for  the  storage '  and 
transfer  of  work  than  a  passage  down  each  side  of  a  doable  row  of 
machines,  by  which  method  a  wider  gallery  would  bo  required,  in  order 
to  get  an  equivalent  amount  of  work  done. 

Eeferring  to  the  foundry,  the  author  says  that  a  most  convenient 
plan  is  to  divide  the  surface  to  be  roofed  over  into  two  sections  of 
about  equal  length  and  span,  placing  them  at  right  angles  to  each 
other.  He  did  not  know  whether  the  author  intended  this  to  be  of 
cruciform  or  T  section,  but  did  not  think  that  any  one  in  designing  a 
new  foundry  would  build  it  similar  to  that  at  Point  St.  Charles  which 
would  not  permit  the  use  of  an  overhead  crane,  probably  the  best  piece 
of  machinery  tibat  could  be  put  into  a  foundry.  Sellers  of  Phila- 
delphia had  replaced  radial  by  overhead  cranes,  and  he  had  been 
informed  that  the  change  had  given  great  satisfaction.  It  appeared 
that  there  was  considerable  loss  of  ground  and  a  good  deal  of  expense 
in  building  a  shop  of  the  kind  mentioned.  The  same  length  of  wall 
would  cover  almost  twice  the  area  if  built  in  the  form  of  a  complete 
square  or  rectangle,  with  only  a  slight  addition  in  the  cost  for  roofing ; 
and  he  thought  that  the  author's  idea  of  a  foundry  would  bear  consider- 
able discussion  before  being  adopted. 

In  a  brass  foundry  one  of  the  most  important  requirements  is  a 
good  draught,  or  something  to  take  its  place,  in  order  to  shorten  as 
much  as  possible  the  time  required  for  melting. 

In  the  smiths'  shops,  no  doubt  many  were  using  the  central  smoke  flue 
referred  to  by  the  author.  He  had  got  rid  of  a  smoky  shop  by  making 
the  roof  a  better  type  of  ventilator.  The  ordinary  single  span  roof 
with  a  clere-story  open  below,  and  having  louvre  sides,  was  not  adapted 
for  getting  rid  of  smoke.  The  louvres  allowed  snow  to  blow  in,  and 
the  air  could  not  get  out  freely,  causing  the  shop  to  become  full  of 
smoke.  He  roofed  up  the  principab  of  the  main  roof  with  boarding 
to  within  about  two  feet  of  the  ridge  pole,  leaving  the  dere  story 
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open  at  each  side  by  taking  oat  the  louvres,  and  made  a  yentilator 
of  it  along  the  whole  length  of  the  shop.  He  came  to  think  of  this 
method  by  observing  the  new  Canadian  Pacific  Railway  station  on 
Dominion  Square,  which  had  a  clere-story  roof  open  at  the  bottom, 
and  with  which  there  was  invariably  a  great  deposit  of  snow,  and  the 
smoke  did  not  get  out  as  it  should  do.  If  the  roof  were  boarded  up  to 
within  a  short  distance  of  the  centre,  the  smoke  would  pass  out 
through  the  opening. 

The  speaker  here  illustrated  his  improvement  on  the  blackboard,  and 
said  that  if  the  roof  boards  were  continued  to  within  about  18  in.  of 
the  centre,  and  the  louvres  taken  out,  the  snow  would  blow  right  across 
without  having  the  opportunity  of  dropping  down  into  the  shop,  and  a 
suction  of  smoke  would  be  produced  at  the  side. 

The  roof  was  the  same  as  before,  held  up  by  ordinary  supports,  and 
boarded  across  in  sections  of  about  15ft.  When  there  was  no  wind  the 
heated  air  went  out  of  its  own  accord,  while  the  cross  boarding  pre« 
vented  the  wind  going  down  into  the  shop,  no  matter  which  way  it 
might  be  blowing. 

He  had  an  excessive  amount  of  smoke  in  one  of  his  shops  from  two 
large  furnaces  in  addition  to  small  ones,  and  the  first  result  of  his 
arrangement  was  the  removal  of  the  sulphur  which  had  given  them 
much  trouble,  the  smoke  following  it  away. 

He  had  not  attempted  to  reduce  the  amount  of  suction,  simply  leaving 
it  open.  The  clere-story  was  left  exactly  as  before,  and  he  boarded  up 
within  about  2  ft.  from  the  c^tre  of  the  ridge  poll. 

While  speuking  upon  this  subject  he  said  he  intended  to  try  his 
^Btem  of  ventilation  in  a  shop  which  it  was  necessary  to  keep  warm  at 
nighty  and  in  doing  so  he  would  put  rising  and  lowering  doors,  one  on 
each  aide,  so  that  when  either  was  raised  it  would  act  as  a  deflector. 
In  this  way  he  felt  sure  he  could  clear  a  smoky  shop  in  20  minutes. 

The  author's  remarks  on  the  boiler  shop  were  too  meagre  for  the 
speaker  to  take  exception  to,  or  to  agree  with.  This  shop  was  the 
most  difficult  of  all  to  deal  with,  both  as  to  the  handling  of  material 
and  the  bringing  in  and  taking  out  of  work,  and  would  of  itself  form  an 
ezoeilent  subject  for  a  paper. 

The  author  had  said  little  about  the  arrangement  of  tools  or  what 
system  of  cranes  should  be  most  freely  used.  In  the  Canadian  Pacific 
Bailway  shops  there  is  a  radial  crane  worked  by  hydraulic  power  which 
IS  found  to  be  very  serviceable.  It  had  given  some  trouble  in  the  past, 
bat  it  now  proves  most  efficient. 

N 
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A  plank  flooriog  was  generally  ased  for  both  machiQe  and  erecting 
shops  if  possible ;  but  sometimes  earth  was  used,  and  iron  borings  with 
salammoniao  made  a  good  covering  for  an  earth  floor,  as  it  became 
hard  as  asphalt. 

A  type  of  roof  which  he  considered  very  suitable  for  a  longitudinal 
engine  shed  is  one  having  olere-storys  8  or  10  ft.  high,  with  windows 
in  the  sides;  considerable  light  is  admitted,  the  shop  can  be  easily 
heated,  and  the  cubic  capacity  m  ty  be  as  small  as  possible.  If  the 
shop  was  wide  enough  for  five  tracks,  the  middle  track  could  have  a  row 
of  posts  down  each  side  forming  a  dere-story.  One  row  of  posts  in 
each  of  these  spaces  would  not  amount  to  much,  and  the  roof  could  be 
of  cheap  construction,  making  up  for  the  extra  space  required. 

He  was  not  surprised  at  Mr.  Brown  taking  exception  to  the  time 
occupied  in  making  a  heavy  repair,  and  130  days — as  quoted  by  Mr. 
Wallis — astonished  him.  He  accounted  for  the  difference  between  that 
and  the  time  mentioned  by  Mr.  Brown,  by  the  fact  that  the  Canadian 
Pacific  shops  were  well  supplied  with  machinery,  being  laid  out  for 
building  shops,  and  containing  probably  on  tliat  account  a  larger  quan* 
tity  ot'  machinery  than  was  found  attached  to  most  erecting  shops.  An 
engine  coming  in  badly  damaged  would  frequently  be  turned  out  in  six 
ireeks,  probably  with  repairs  to  boiler,  and  new  fire-box. 

About  50  per  cent,  of  the  Canadian  Pacific  locomotives  were  of  foreign 
construction,  and  these  were  sent  to  the  shop  for  repairs  as  often  as 
engines  of  their  own  build.  They  did  not  hesitate  to  replace  the  de- 
tails of  such  engines  by  standard  details,  although  this  was  not  oflen 
done,  as  their  stock  was  extremely  small,  and  they  were  more  frequently 
handicapped  waiting  for  castings  firom  outside  than  for  whut  they  could 
make  themselves,  ifor  forgings  only,  an  engine  was  not  delayed  long, 
and  if  a  new  set  of  wheels  were  required,  but  a  short  time  was  taken  to 
turn  the  engine  out  if  the  wheels  were  on  hand,  but  they  were  generally 
delayed  waiting  for  castings. 

In  the  time  occupied  in  building  the  Consolidation  engine  at  the 
Canadian  Pacific,  there  was  a  delay  of  nearly  two  weeks  waiting  for 
castings,  and  the  totai  time  taken  was  the  very  shortest  they  could  possi- 
bly make  it.  A  complete  sot  of  drawings,  as  understood  in  a  building 
establishment,  hud  to  be  prepared,  and  this  was  done  with  a  very 
limited  staff  in  the  drawing  office  in  2^  months.  Their  foreign  built 
engines  were  constantly  coming  into  the  shop  for  new  cylinders.  They 
had  exceptional  advantages  in  their  shops  from  their  system  of  cranes, 
which  could  only  be  appreciated  by  those  using  them. 
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The  Society  is  indebted  to  Mr.  Barnett  for  a  most  valu:ible  paper,  Mr.  MacPhezson. 
whieh  must  have  taken  some  time  to  prepare  if  the  author  has  not  more 
spare  hours  than  most  railway  officers. 

The  writer  had  hoped  to  have  been  present  at  the  discussion,  but 
was  prevented  by  business,  and  the  following  remarks  are  submitted, 
though  not  at  ail  commensurate  with  his  interest  on  the  subject. 

The  experiment  referred  to  as  carried  out  by  Mr.  Harkom,  to  get  rid 
of  the  icicle  formation  on  the  eaves  of  an  engine  house,  would  appear 
to  be  an  expensive  method,  though  correct  in  principle. 

The  same  end  was  attained  with  comparatively  little  expense,  in  an 
engine  house  erected  under  the  writer's  supervision,  at  Hoohelaga,  in 
1 886y  by  building  a  few  pieces  of  2  in,  diam.  iron  pipe  into  and  through 
the  walls,  just  under  the  roof  at  the  gables. 

Several  brick  engine  houses  built  on  the  Canadian  Pacific  Ry.  previous 
to  this,  without  these  air  holes,  have  given  great  trouble,  on  account  of 
the  icicles  backing  the  water  up  under  the  eaves  and  ruining  the  w:ills. 
The  one  referred  to  at  Hochelaga  has  given  no  trouble  in  this  respect, 
and  the  icicle  formation  is  very  slight.  At  the  same  place  may  be  seen 
a  65  fi)0t  wrought  iron  turntable,  which  length  does  away  with  the  frogs 
leading  to  the  engine  stalls;  the  angle  being  9  degrees  between  centre 
of  pits. 

It  would  appear  that  the  American  practice  of  radial  engine  houses 
and  tumtzibles  is  preferable  to  the  English  or  longitudinal  type,  at  all 
points  where  time  is  any  object,  and  it  would  be  interesting  to  know 
liow  the  English  officer  mentioned,  turned  his  engines  when  handling  400 
train  engines  daily  at  one  terminal ;  if  they  were  turned  on  a  '^  T, ''  it 
would  certainly  take  more  time  than  on  turntables,  and  his  bare  state- 
ment that  he  could  not  have  done  the  same  work  over  turntables,  until 
the  definite  time  consumed  in  turning  is  given,  seems  far  from  conclusive. 

In  r^ard  to  the  engine  house  at  the  Canadian  Pacific  station, 
the  sides  of  the  double  roof  are  not  finished.  Mention  has  been 
made  of  the  snow  blowing  in.  It  was  proposed  at  present  to  put  small 
windows  all  around,  which  could  be  closed  in  time  of  snowstorms^ 
without  interfering  with  the  light.  They  were  to  be  opened  and  shut 
by  a  small  chain  running  along  tiie  side  of  the  roof.  The  slat  system 
could  not  be  made  to  keep  the  snow  out,  and  also  afford  an  exit  for 
the  smoke. 

Mr.  Peterson  had  received  several  letters  from  different  railroad  com- 
panies, with  various  plans  of  slats  at  the  side  of  louvre  roof  made  of  sheet 
iron,  but  they  all  said  they  could  not  ventilate  and  keep  the  snow  out  at 
the  same  time. 
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They  made  several  designs  of  roof,  but  foand  it  was  no  use  trjinii:  to 
do  so  and  put  in  windows.  Mr.  Atkinson's  plan  appeared  to  be 
a  good  one ;  it  allowed  of  a  through  draught  aoting  somethbg  like  an 
injector. 

Mr.  Burnett.  M  r.  J.  D.  Bameit,  in  replying,  said  that  no  one  better  appreciated  Mr. 
Atkinson's  criticism  than  he  did.  He  admitted  that  the  title  of  the  paper 
was  vague,  and  that  he  might  perhaps  with  advantage  have  enlarged  on 
some  points  and  cut  down  on  others.  He  thought,  that  almost  all, 
who  had  attempted  a  comprehensive  paper  of  the  kind,  set  out  with  a 
general  idea  of  what  they  wanted,  and  as  the  work  progressed,  it  could 
be  noticed  that  they  were  apt  to  give  more  attention  to  those  points  in 
which  they  were  more  particularly  interested ;  but  even  if  wanting  at 
some  points,  he  felt  like  apologising  for  the  length  of  the  paper.  When 
persuaded  into  writing  it,  he  intended  including  the  workshops  of 
American  firms  exclusively  building  locomotives,  making  a  special 
point  of  giving  the  relative  proportions  the  various  shops  bore  to  each 
other ;  but  finding  it  was  difficult  to  get  complete  information,  he  had 
to  give  up  the  idea,  and  the  communication  resolved  itself  into  one  on 
Biiilway  Workshops,  tlie  so-called  "  erecting  shops "  being  dealt  with 
only  in  reference  to  locomotive  repairs. 

Replying  to  Mr.  Atkinsim,  he  did  not  see  why  the  corrosion  should 
be  excessive  in  pillars  which  were  carried  down  below  floor  level.  There 
should  not  be  and,  as  far  as  he  knew,there  was  not  any  excessive  corrosion. 
If  a  pillar  were  properly  coated  with  tar,  and  the  earth  not  often  disturbed, 
the  corrosion  could  not  be  such  as  to  lessen  the  strength  of  the  pillar. 
So  long  as  iron  was  deep  enough  below  ground  to  exclude  atmospheric 
air  and  was  free  from  actual  contact  with  water,  oxidation  was  not 
excessive. 

Evidently  there  was  some  misunderstanding  about  the  pit  rails  at 
Stratford,  which  were  intended  to  cany  the  traverser  upon  which  the 
locomotive  was  moved  from  one  end  of  the  shop  to  the  other,  and 
not  for  the  engine  pits,  the  sides  of  which  were  brick  with  a  timber  sill 
on  the  top. 

His  experience  with  pilasters  inside  the  walls  was  that  it  resulted 
in  a  dirty  and  untidy  shop.  The  dirt  accumulated  in  the  corners,  and 
workmen  piled  there  the  old  material  and  scrap,  so  that  altogether  it  was 
difficult  to  keep  the  shop  neat  in  appearance. 

A  pilaster,  too,  would  cut  off  part  ot  the  light.  It  was  a  convenient 
arrangement  to  run  the  workmen's  benches  down  the  side 
wall  close  to  the  windows,  and  pilasters  would  cut  the  benches  off 
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into  short  lengths  of  16  or  18  feet,  although  with  benches  there 
would  not  be  quite  the  same  temptation  for  workmen  to  place  scrap 
and  refuse  in  the  comers.  One  of  the  most  untidy  shops  he  had 
ever  seen  was  one  with  deep  inside  pilasters. 

The  '*  mud  sill/'  technically  speaking,  was  the  lowest  timber,  the 
one  on  which  the  posts  rested  when  a  timber  post  foundation  was  used. 
In  Ontario,  however,  it  was  common  to  call  the  sill  on  which  the  upper 
frame  rested  the  mud  sill,  and  he  had  used  the  vernacular  rather  than 
the  strictly  correct  term. 

That  the  space  between  the  double  roof  should  be  a  fire-trap  was  not 
a  necessity.  An  opening  between  the  two  roofs  could  permit  the  pas- 
sage of  a  current  of  air  through,  and  yet  the  edges  might  be  blocked  so 
that  sparks  could  not  get  between  them. 

The  suggested  area  of  erecting  shop  did  not  exemplify  the  very  best 
modern  practice  for  a  railway  whose  rolling  stock  was  uniform.  He 
had  given  some  figures,  showing  what  he  thought  should  be  the  compara- 
tive size  of  the  erecting  shop.  He  would  have  liked  to  divide  the  floor 
Fpace  of  the  erecting  shops  given  in  the  tabular  statement,  by  the 
number  of  engines  owned  and  repaired  by  the  various  railways,  so  as 
to  show  that  they  fairly  corresponded  with  the  floor  surface  allowed  in 
the  ten  pit  erecting  shop  reduced  from  the  mileage  figures  given;  but 
the  information  could  not  readily  be  obtained. 

The  figures  he  had  given,  shewing  the  number  of  days  an  engine  was 
under  repair,  were  not  far  from  average  American  (United  States) 
practice,  especially  in  the  case  of  the  erecting  shops  of  those  railways  on 
which  there  was  a  large  variety  of  locomotive  stock,  and  in  which  the 
number  of  machines  and  the  machine  shop  surface  was  limited.  It  was 
comparatively  easy  for  railroad  officers  to  persuade  their  board  of  direc- 
tors to  give  them  additional  roofing,  but  it  was  often  a  difficult  matter 
to  get  their  sanction  for  the  purchase  of  modem  machine  tools,  and  as 
long  as  they  were  limited  in  the  number  and  efficiency  of  their  tools,  an 
engine  must  necessarily  be  a  long  time  in  shop. 

Why  Mr.  Brown,  in  this  statement,  should  have  excluded  rebuUding, 
the  speaker  did  not  understand,  seeing  that  it  was  a  factor  in  every-day 
work,  and  as  much  a  necessity  during  the  year  as  the  doing  of  medium, 
specific  and  light  repairs,  and  therefore  must  be  allowed  for  in  any  aver- 
age of  work  to  be  done  or  of  floor  space  upon  which  to  do  such  work. 

He  bad  worked  out  the  time  average  for  the  Stratford  shops  of  the 
Grand  Trunk  Railway  for  the  whole  year  ending  1887.    All  the  labour 
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being  devoted  to  repairs  (the  rebuilding  being  done  at  Montreal), 
the  figures  were : — 

76  engines  received  heavy  repairs,  occupying  an  average  of  62 
days; 

21  engines  received  medium  repairs,  occupying  an  average  of  29 
days;  and 

37  engines  received  specific  and  light  repairs,  occupying  an  average 
of  20  days. 

Since  that  date  Stratford  shops  had  been  largely  increased,  and  were 
now  in  full  swing.  For  the  sake  of  comparison  he  had  worked  out  the 
figures  for  the  six  weeks,  since  the  establishment  had  been  enlarged  and 
fairly  equipped  with  machinery  and  tools,  and  found  them  to  be  as 
follows : — 

11  engines  received  heavy  repairs,  occupying  an  average  of  92  days ; 

12  engines  received  medium  repairs  occupying  an  average  of  32 
days;  and 

16  engines  received  specific  and  light  repairs,  occupying  an  average 
of  23  days. 

The  figures  covering  so  brief  a  period  were  of  course  only  approximate, 
nothing  else  could  be  expected  under  the  circumstances.  Such  fig- 
ures, he  believed,  had  never  before  been  published,  and  he  had  hoped,  by 
putting  such  information  together  as  he  could  obtain,  to  provoke  some 
such  discussion  as  had  taken  place.  He  hoped  and  expected  to  learn 
something  himself  as  one  of  the  results  of  the  discussion. 

It  was  undoubtedly  the  case,  as  had  been  remarked,  that  the  question 
of  actual  machine  grouping  depended  upon  the  shape  of  the  shop  and 
the  number  of  cranes,  etc. ;  but  the  point  he  desired  to  make  dear  was 
that  when  they  had  very  few  hoisting  tools,  cranes,  and  overhead  traver- 
sers, it  was  necessary  that  all  large  tools  handling  bulky  material  should 
be  grouped  close  together.  Since  the  general  adoption  of  cranes  and 
the  liberal  use  of  overhead  hoisting  tackle,  however,  it  seemed  to  him  that 
that  necessity  had  disappeared  because  of  the  ready  movement  of  heavy 
masses ;  whether  the  weight  was  two  or  ten  tons  and  the  distance  five  or 
thirty  feet,  it  made  little  difference  in  moving  it  about  the  shop  when  the 
material  was  once  suspended.  The  result  of  this  had  been  that  in  the 
modem  shop  there  was  a  tendency  to  group  tools  and  machines  of 
the  same  kind  together,  and  in  that  way  to  minimize  the  attendance 
required  at  them,  thus  effecting  a  decided  saving  in  the  cost  of  labour. 

The  speaker  then  illustrated  on  the  blackboard  from  existing  prac- 
tice several  ground  plans  of  foundries,  showing  how  in  the  form  of  right 
angle  building  recommended,  a  single  jib  crane  would  sweep  the  major 
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part  of  the  whole  floor,  but  that  if  overhead  traversing  cranes  were 
provided,  either  a  square  or  rectangular  building  was  the  best,  while  for 
convenience  in  clearing  the  cupolas  and  yet  handling  the  metal  buckets 
to  advantage,  the  traversing  girders  of  the  crane  should  lie  parallel 
with  the  line  of  the  cupolas. 

He  was  much  pleased  with  Mr.  MacPherson's  communication,  show- 
ing how  he  got  rid  of  icicles ;  apparently  he  trusted  to  an  out-flowinp; 
current  of  warm  air  at  the  level  of  the  eaves,  to  melt  the  icicles,  or  to  pre- 
vent their  formation.  If  that  would  always  do  its  work,  he  considered 
it  one  of  the  most  valuable  hints  he  had  received  that  evening.  He  had 
been  troubled  much  with  icicles  in  a  shop  120  feet  wide,  and  if  such  a 
simple  expedient  as  allowing  a  fine  current  of  warm  air  from  the  shop 
to  play  upon  the  icicles  was  always  successful,  he  felt  much  obliged  to 
Mr.  MacPherson  for  the  information. 

The  statement  made  by  an  English  railway  official,  that  he  would 
have  great  difficulty  in  handling  400  eu'^inos  daily  If  his  engine  sheds 
had  been  annular,  was  impeached  by  Mr.  MacPherson.  The  speaker 
said  the  point  the  officer  made  was,  that  although  he  had  to  turn  his 
engines  on  the  turntable,  the  rectangular  form  of  shed  permitted  him  to 
turn  his  engines  outside  and  get  them  exactly  right  in  position  to  take 
out  their  next  trains  shortly  afler  their  arrival  at  the  shed,  and  nine 
or  ten  hours  before  they  were  due  outwards  again ;  whereas,  had  he  an 
annular  engine  house,  he  could  not  have  got  the  engines  turned  and  into 
position  by  train  time,  at  certain  busy  hours  of  the  day,  without  taking 
them  from  the  protection  of  the  engine  house,  and  leaving  them  outside^ 
which  would  entail  extra  siding  room  where  space  was  valuable.  The 
engioe  in  both  cases  would  have  to  be  turned  on  the  table ;  but  the 
advantage  with  the  rectangular  shed  was  that  this  could  be  done  so 
many  hours  before  train  time,,  without  putting  the  men  in  the  running 
shed,  or  those  who  had  to  do  shed  repairs,  to  any  inconvenience. 

Mr.  Brown's  information,  as  to  the  brief  time  in  which  an  engine 
could  be  built,  was  interesting,  but  had  no  reference  to  any' matter 
mentioned  in  the  paper.  He  (Mr.  Brown)  did  not  understand  why  4 
or  5  per  cent,  of  the  engines  should  be  ''  waiting  repair."  That  was 
scarcely  what  the  paper  said.  In  trying  to  discover  what  proportion 
of  engines  could  be  counted  upon  to  be  in  steam  daily,  the  speaker  had 
given  the  matter  some  consideration,  and  found  (as  everybody  else 
would  find  on  going  into  the  matter)  that  there  were  a  few  days  lost, 
from  the  time  an  engine  left  the  erecting  shop  until  it  was  in  condi- 
tion for  handling  traffic.  If  the  pit  room  in  the  erecting  shop  was 
limited,  the  painting  should  not  be  done  there,  but  in  any  warm  build- 
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iiig  which  needed  to  be  only  of  simple  constroction ;  and  if  the  mo^ 
was  to  be  made  out  of  the  erecting  shop  space,  the  engines  should  only 
be  repaired  there y  and  moved  into  a  building  (similar  to  that  mentioned) 
for  painting  and  finishing. 

From  what  he  had  said,  it  would  be  seen  that  a  portion  of  the  rolling 
stock  would  not  be  actually  under  repair  nor  yet  actually  in  traffic. 
Engines  sometimes  had  to  wait  for  pit  room  or  for  painting,  and  there  was 
nearly  always  something  being  waited  for,  causing  a  certain  proportion 
of  engines  to  be  out  of  service.  He  was  still  of  the  opinion  that  4  to 
6  per  cent,  of  the  total  stock  would  be  in  that  intermediate  state,  not 
absolutely  in  the  erecting  shop  occupying  pit  room,  nor  in  the  round 
house  ready  for  traffic,  and  this  contingency  had  to  .be  allowed  for  in 
getting  at  the  desired  estimate  of  the  mileage  that  would,  under  ordi- 
nary conditions,  be  obtained  from  100  engines  in  a  year. 

The  figure  of  $1,000.00  per  engine  stall  did  not  indude  pipes  and 
other  internal  fittings.  The  first  part  of  the  paragraph  in  question 
described  the  most  primitive  form  of  section  of  annular  engine-house 
found  on  this  continent ;  and  in  giving  other  prices,  the  speaker  had 
adhered  to  the  primitive  type  of  construction,  adding,  however,  a  little 
more  stability.  The  price  quoted  was  for  a  simple  brick  shed  with 
stone  foundations,  no  allowance  being  made  for  water  pipes  or  steam 
pipes,  etc. 

Supplementing  his  remarks  as  to  a  central  turntable  in  the  annular 
arrangement  of  shed  giving  trouble,  the  author  had  a  very 
lively  recollection  of  one  of  them  breaking  down  at  a  station  under  his 
charge  at  2  o'clock  in  the  morning,  about  one  hour  before  the  passenger 
trains  concentrating  at  that  junction  were  due.  Every  passenger  engine 
was  locked  up  for  nearly  ten  hours,  putting  the  Traffic  Department  into 
great  disorder.  Such  a  serious  mishap  did  not  often  occur,  but  it  was  a 
rare  thing  for  a  district  officer  to  go  through  a  winter  without  some 
failure  to  a  turntable,  although  they  were  made  of  the  best  material  and 
design.  Of  course  with  a  longitudinal  type  of  shed,  a  turntable  was 
necessary,  and  it  was  used  in  putting  the  engines  into  the  shed  ready 
for  traffic ;  therefore,  until  every  engine  in  the  shop  was  cleared  out,  no 
great  inconvenience  from  the  break-down  of  a  turntable  would  be  felt. 
There  was  plenty  of  lee- way  with  ashed  full  of  engines,  during  which 
time  the  accident  could  be  made  good.  In  the  case  he  had  mentioned, 
passenger  engines  and  every  other  kind  wanted  were  unavailable; 
shunting  engines  had  to  be  used,  and  some  engines  were  run  tender  first. 

Mr.  Harkom  had  given  an  ideal  plan  of  die  grouping  of  shops  and 
of  their  relation  to  one  another.     The  author  at  first  intended  basing  his 
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oommnnioation  on  an  arrangement  of  that  kind,  bat  afterwards  consider- 
ed that  such  a  course  would  be  of  leas  interest,  and  would  not  provoke  so 
much  discussion  as  if  the  matter  were  dealt  with  as  it  existed  under  the 
limitations  of  actual  practice.  The  drawings  exhibited  and  the  figures 
giyen  in  the  appendix  illustrated  quite  modem  practice. 

Mr.  Harkom  had  stated  that  traverser  tables  could  be  worked 
out  of  doors  during  a  Canadian  winter.  The  speaker  was  sorry  Mr. 
He  Wood  was  not  present  at  this  discussion,  as  he  would  have  been  able 
to  tell  them  about  the  trouble  he  experienced  at  Point  St.  Charles  some 
18  years  ago,  in  endeavoring  to  handle  a  traverser  in  the  deep  snow  and 
low  temperatures  which  generally  accompany  a  Canadian  winter. 

In  his  ideal  grouping  of  shops,  Mr.  Harkom  advocated  placing  the 
Locomotive  and  Car  establishment  on  one  side  of  the  track,  and  the 
Engineer  Department  shops  on  the  other  side.  This  was  rarely 
accomplished,  and  the  better  plan  was  to  have  aU  workshops  on 
one  fflde,  and  the  village  and  residences  of  workmen  with  the  station 
OD  the  other,  so  that  the  workshops  and  residences  of  the  workmen 
might  be  within  reasonable  distance  of  each  other. 


Thursday,  28th  March. 
HEBBEBT  WALLIS,  Member  of  Council,  in  the  Chair. 

The  following  having  been  balloted  for  was  declared  duly  elected  as 

Honorary  Membrr. 

Sir  Charles  Auoustus  Hartley,  E.O.M.G.9  F.R.G.S. 

The  discussion  of  the  paper  on  Work  Shops,  by  T.  D.  Barnett,  occu- 
pied the  whole  evening. 


Thursday,  11th  April. 
P.  A.  PETERSON,  Vice-President,  in  the  Chair. 

The  adjourned  discussion  of  the  paper  on  Cantilever   Bridges,  by 
C.  F.  Findlay,  occupied  the  whole  evening. 


Thursday,  25th  April. 

P.  A.  PETERSON,  Vice-President,  in  the  Chair. 

naper  No*  SO. 

THE  COLONIAL  GOVERNMENT  DRY  DOCK,   ST.  JOHNS, 
NEWFOUNDLAND. 

By  H.  C.  BuEOHBLL,  M.Can.Soc.C.B. 

The  Dry  Dock,  which  is  the  subject  of  this  Paper,  is  situated  at  the 
Riverhead  or  Western  end  of  the  harbour  of  St.  Johns. 

It  is  built  of  Wood  and  concrete.     The  form  is  illustrated  on 
Plate  IX  and  the  following  are  the  principal  dimensions : — 
Length  upon  top  from  inside  of  head  to  gate  when 

at  outer  sill 600  ft. 

Length  upon  the  line  of  keel  blocking 558  " 

Width  upon  top  at  head 78  "  6  inch 

a  u      u      ai^^jy 132   "6      " 

"        "     "     "abutments 84  "  9     " 

Bottom  width  from  inner  end  of  abutment  to  angles 

near  head 49  "10  " 

Bottom  width  at  abutments 52  "    9  " 

Depth  of  water  over  gate  sill  (H.W.  Spring  Tides)  25  " 

The  floor  is  founded  on  a  bed  of  Portland  cement  concrete,  laid  on 
exceedingly  hard  cemented  gravel  (glacial  drift)  immediately  over- 
lying the  bed  rock.  Bedded  in  the  concrete  and  held  down  by  frequent 
anchor  straps  of  2^  in.  x  ^  in.  iron  is  a  system  of  longitudinal  pitch  pine 
timbers  12  in.  square.  Immediately  under  the  keel  track,  four  of  these 
are  laid  close  together,  each  anchored  to  the  concrete  and  all  bound 
together  by  through  bolts.  Two  on  each  side  of  the  keel  track  timbers 
are  one  foot  apart,  and  the  remainder  of  the  longitudinals  from  this  to 
the  edge  of  the  floor  are  set  with  three  feet  spaces.  The  anchor  straps 
are  bolted  alternately  to  opposite  sides  of  the  timbers,  and  are  held  in 
the  concrete  by  a  simple  right  angle  bend. 

Cross  floor  timbers  of  pitch  pine  14  in.  ><  16  in.,  and  4  ft.  from  centre 
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to  centre  are  laid  on  and  securely  fastened  to  the  longitudinals.  Their 
ends  are  hozed  down  to  receive  a  stringer  piece  12  in.  x  14  in.  which  runs 
around  the  sides  and  head,  and  receives  part  of  the  thrust  from  the 
main  hraces. 

The  concrete  extends  beyond  the  floors,  and  is  carried  three  feet  up 
the  sides  and  head  behind  the  altars.  Within  the  floor  area  it  fills  the 
spaces  between  cross  floor  timbers  at  their  ends,  and  slopes  thence  gra- 
dually to  shallow  drains  formed  between  the  longitudinals,  one  on  each 
side  of  the  keel  track.  The  entire  lower  system  of  floor  timbers  is 
completely  embedded  in  and  covered  by  concrete. 

The  working  floor  is  of  3  in.  plank,  spiked  to  the  cross  timbers  with 
ample  opening  left  at  the  joints. 

In  order  to  lessen  the  possibility  of  water  courses,  the  longitudinal 
timbers  are  omitted  in  the  abutment,  and  under  the  gate  platform  and 
apron ;  but  here  the  concrete,  instead  of  being  as  at  the  head  2^  ft. 
average  depth,  is  6  ft.  deep  with  anchor  straps  for  the  cross  floor  tim- 
bers extending  to  the  bottom. 

No  indications  of  springs  were  observed  during  construction.  It 
was  thought  best,  however,  in  view  of  possible  developments  of  either 
spring  water  or  under  leakage,  to  insert  in  the  concrete  2  in.  vertical 
iron  tubes,  20  ft.  apart,  alternating  on  opposite  sides  of  the  keel  track 
throughout  the  length  of  the  dock.  The  lower  ends,  extending  into 
the  gravel  below  the  concrete,  were  left  open,  and  the  upper  ends,  pro- 
truding above  the  concrete,  were  fitted  with  valves  (light  dead  weights) 
opening  upwards.     There  has  been  no  flow  from  these  tubes. 

A  line  of  sheet  piling  surrounds  the  entire  structure  at  a  distance  of 
26  ft.  from  the  coping.  The  sides  of  the  dock  are  supported  by  trans- 
verse frames  4  ft.  apart  from  centre  to  centre,  extending  from  the  floor 
to  the  line  of  sheet  piling,  and  made  up  as  follows  : — ^A  heavy  pitch 
pine  main  brace  or  rafter  abutting  at  its  lower  end  on  the  cross  floor 
timber  and  stringer  already  described,  and  at  its  upper  end  on  the 
coping ;  a  cap  of  12  in.  square  pitch  pine  running  horizontally  from 
coping  to  sheet  piling ;  brace  and  cap  resting  on  12  in.  spruce  piles  5  ft. 
apart,  all  three  parts  of  the  system  being  bound  together  by  a  diagonal 
tie  of  pitch  pine,  firmly  bolted  to  them,  and  acting,  to  use  another  roof 
term,  like  an  ordinary  collar  beam. 

These  transverse  frames  are  connected  on  top  by  the  coping,  which 
is  built  up  of  three  heavy  pieces  of  pitch  pine,  and  are  further  stiffened 
laterally  by  the  altars.  The  altars  are  of  pitch  pine.  Two  are  sawn 
from  a  stick  11  in.  x  14  in.,  by  ripping  obliquely,  not  from  corner  to 
comer,  but  cutting  each  14  in.  side  3  in.  back  from  the  corner.     These 
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are  bolted  with  an  oblique  face  resting  on  the  main  braces,  an  11  in. 
side  uppermost  and  horizontal,  and  a  Sin.  side  looking  towards  the 
coping,  and  covering  by  that  much  the  next  altar  above.  A  series  of 
continuous  steps,  ascending  from  floor  to  coping  with  ^in.  rise  and 
11  in.  tread,  is  thus  formed  around  the  entire  body  and  head  of  the 
dock,  admitting  of  convenient  access  at  any  point. 

The  entrance  works  differ  somewhat  in  detail  of  construction  from 
the  body.  Six  lines  of  transverse  sheet  piling  on  each  side  run  from 
the  floors  to  the  main  outer  line  before  referred  to,  one  at  the  end  of 
the  apron,  two  at  each  sill,  and  one  at  the  inner  end  of  the  inner 
abutment.  The  concrete  foundation  is  carried  5  feet  beyond  the  floors, 
and  the  sides  or  walls  are  backed  by  concrete  5  feet  thick  at  the  bottom 
and  2  feet  thick  at  coping.  The  cross  floor  timbers  and  main  braces 
are  covered  by  two  thicknesses  of  6  in.  timber  breaking  joint.  Each 
course  is  thoroughly  caulked  with  dry  pine  wedges. 

The  transverse  floor  timbers  in  the  inner  abutment  are  10  in.  higher 
than  the  corresponding  body  floor  timbers.  The  rise  from  the  main 
floor  is  formed  by  six  large  oak  timbers,  rabbetted  and  bolted  together, 
and  backed  up  by  heavy  oak  knees,  running  back  over  and  framed  into 
the  main  floor  timbers. 

There  are  two  positions  for  the  gate  20  feet  apart.  At  each  sill 
four  heavy  pieces  of  oak,  rabbetted  and  securely  fastened  together,  form 
a  step  or  offset,  that  runs  across  the  floor  and  up  the  sides,  and  receives 
the  weight  and  thrust  of  the  gate  when  in  position.  The  top  courses 
of  6  in.  timber  are  rabbetted  into  and  are  flush  with  the  sill  timber. 
There  are  no  grooves,  and  the  chances  of  troublesome  obstructions  are 
consequently  much  lessened.  The  offsets  are  fitted  with  stout  rubber 
gaskets,  against  which  the  gate  bears  and  forms  a  water-tight  joint. 

The  apron  is  constructed  on  a  concrete  foundation  in  similar  manner 
to  the  floors  of  the  gate  platforms,  the  timber  being  covered  with  an 
extra  layer  or  facing  of  concrete.  The  apron  proper  extends  21  feet 
beyond  the  outer  sill  vdth  a  concrete  toe  carried  13  feet  further. 

Sheet  piles  are  of  spruce  fitted  with  dry  pine  tongues  or  keys. 
Bearing  piles  are  of  the  same  timber.  All  are  driven  to  the  hard 
gravel  on  which  the  concrete  foundations  of  the  floors  rest,  so  that  the 
whole  structure  has  a  perfectly  uniform  bearing. 

The  excavation  of  the  dock  basin  was  made  after  most  of  the  piles 
had  been  driven.  The  material  excavated  was  alluvium,  having  but  a 
small  proportion  of  gravel,  and  was  found  to  be  impervious  to  water ; 
hence  no  more  was  disturbed  than  was  necessary  for  the  setting  of 
main  braces  and  ties.    As  the  altars  were  put  on,  aU  existing  spaces 
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were  fiUed  with  suitable  material  taken  from  the  excavation,  and 
thoroughly  rammed.  Very  slight  indications  of  leakage  appeared  at 
several  points  in  the  plane,  dividing  the  more  recent  from  the  glacial 
drift.  This  was  doubtless  caused  by  the  same  plane  having  been  cut 
in  dredging  a  wet  slip  on  the  South  side  of  the  dock. 

The  area  around  the  dock  was  filled  with  earth  carted  from  the 
neighbouring  hills,  and  was  graded  level  with  the  top  of  the  coping 
timber.  Cross-caps  and  sheet-piles  are  thus  covered  by  about  two  feet 
of  ground. 

The  cofferdam  was  formed  by  driving  three  parallel  rows  of  sheet 
piling  about  5  feet  apart,  each  row  being  re-inforced  by  round  piles 
and  braces.  The  intervening  spaces  were  filled  with  earth.  In  plan  its 
form  was  three  sides  of  a  rectangle,  the  two  parallel  sides  being  under 
the  piers  at  each  side  of  the  dock  entrance,  and  the  third  connecting 
them  just  uutside  the  toe  of  the  apron. 

The  dock  is  fitted  with  sliding  bilge  blocks,  28  on  each  side,  opera- 
ted from  the  coping  by  endless  chains.  Keel  blocks  are  placed  on 
each  cross-floor  timber.  They  are  thus  4  fl.  apart  from  centre  to 
centre. 

Materials  are  sent  to  the  working  floor  by  means  of  six  slides  con- 
veniently situated,  three  on  each  side  of  the  dock. 

The  gate  is  a  floating  iron  caisson.  It  is  provided  with  a  steam 
capstan,  a  10  in.  direct  acting  centrifugal  ballast  pump,  and  a  boiler. 
The  capstan  stands  on  the  upper  or  flush  deck.  The  engines  that 
operate  it  and  all  the  other  fittings  are  on  a  lower  deck. 

Eight  pipes,  or  filling  culverts  22  in.  diameter,  that  pass  athwart-ship 
through  the  gate,  afford  a  means  of  filling  the  dock.  They  are  fitted 
with  valves  controlled  by  hand-wheels  on  the  lower  deck. 

The  gate  is  moved  into  and  out  of  position  by  tihe  steam  capstan  and 
suitable  warps.  Baising  and  lowering  are  effected  by  the  ballast  pump 
and  inlet  valves. 

The  pumping  instaUation  is  placed  in  a  brick  building  a  little  to  the  back 
of  the  abutment  on  the  north  side.  The  pumps  and  engines  were  made 
by  W.  H.  Allan  &  Co.,  of  London,  England.  There  are  two  thirty  inch 
centrifugal  pumps,  each  driven  by  an  independent  single  engine.  The 
discs  are  5  fl.  6  in.  in  diameter,  with  curved  arms  similar  to  the  Appold. 
The  suction  expands  from  30  in.  to  36  in.  the  size  of  the  wrought  iron 
saction  pipe.  The  discharge  expands  from  30  in.  to  48  in.,  at  which  siie 
it  delivers  into  a  brick  culvert  14  ft.  6  in.  wide,  5  ft.  8  in.  deep,  and 
60  ft.  long.  The  suction  is  divided  into  two  passages  at  the  periphery 
of  the  pump,  and  water  is  drawn  into  the  disc  chamber  from  both  sidea 
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at  the  centre.  Each  pump  is  fitted  with  a  steam  ejector  for  priming. 
The  engines  are  single,  horizontal,  variable  cut-off,  directly  connected  to 
the  pump  shafts  having  cylinders  of  21  in.  diameter;  and  22  in.  stroke. 

The  drainage  and  leakage  are  removed  by  a  10  in.  Heald  and  Cisco 
centrifugal,  driven  by  a  pair  of  vertical  engines  directly  connected. 

The  engine  pit  is  enclosed  by  sheet  piling.  For  a  foundation  round 
piles  were  driven  3^  ft.  apart,  all  soft  material  was  excavated  to  a 
depth  of  2  ft.  below  floor  level,  and  a  quantity  of  loose  stone  thrown  in. 
The  piles  were  capped,  and  concrete  laid  on  the  loose  stone  was  rammed 
round  them  and  brought  up  level  with  the  caps.  A  double  floor  of 
caulked  3  in.  spruce  was  then  laid,  and  another  thickness  of  concrete 
placed  on  it.  The  pumps  and  engines  were  bedded  on  this  foundation 
in  concrete  faced  with  brick.  The  walls  of  the  engine  house  start  from 
the  same  platform,  the  space  between  walls  and  sheet  piling  being  filled 
to  the  surface  with  concrete. 

There  are  two  boilers  of  the  marine  type  built  of  Siemens-Marten 
steel.  They  are  12  ft.  9  in.  diameter  and  11  ft.  6  in.  long.  Each 
hast  hree  furnaces  3  ft.  inside  diameter,  8  ft.  3  in.  long,  each  furnace 
opening  into  a  separate  combustion  chamber. 

The  contract  stipulated  that  there  should  be  pumping  capacity  suffi- 
cient to  empty  the  dock  when  occupied  by  a  2,000  ton  ship  in  two 
hours  and  a  half.  At  an  official  trial  under  direction  of  the  writer,  the 
dock  was  emptied  without  a  ship  in  it  in  two  hours  and  twenty  minutes. 
At  every  six  inches  fall  of  the  water  observations  were  taken  of  the  time 
steam  pressure  in  boilers,  and  speed  of  engines.  The  speed  of  the 
engines,  though  slightly  increasing,  was  comparatively  uniform.  It  so 
happened  also  that  the  depth  of  water  was  reduced  at  a  uniform  rate, 
that  is  to  say,  very  nearly  the  same  time  elapsed  between  the  obser- 
vations, from  which  it  will  appear  that  the  slip  resulting  from  the 
increased  depth  of  suction  varies  approximately  as  the  contents  of  a 
layer  or  stratum  of  a  given  depth  at  varying  depths  in  the  dock. 

On  the  south  tide  of  the  dock  is  a  wooden  freight  shed  400  ft.  x  40 
ft.,  conveniently  situated  for  a  storage  of  cargo,  either  from  ships  in  the 
channel  dredged  directly  alongside  or  from  ships  in  the  dock. 

On  the  opposite  or  north  side  a  brick  building  400  ft.  x  35  ft.  affords 
ample  space  for  convenient  office  accommodation,  stores  and  work  shops. 
The  shops  are  furnished  with  electric  light  plant,  punch,  shears,  rolls, 
and  other  machinery  suitable  for  repairs  of  wood  and  iron  ships,  and  a 
stationary  engine  giving  the  necessary  motive  power. 

Among  the  most  prominent  features  in  this  dock  are  the  entire 
absence  on  the  working  floor  of  discomfort  or  inconvenience  from  drain- 
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age ;  the  abundance  of  light  and  ventilation  for  workmen,  resulting 
&ciak  the  great  top  width;  the  readiness  with  which  shores  may  be 
adjusted,  owing  to  the  small  and  numerous  altars ;  and  the  facilities 
for  expeditious  construction. 

The  materials  used  were  the  very  best  of  their  respectiye  kinds,  and 
the  workmanship  most  thorough  throughout. 

The  only  casualty  that  occurred  during  construction  was  a  slight 
movement  of  the  material  on  the  South  side  of  the  entrance  works,  before 
the  frames  or  concrete  were  put  in.  It  was  promptly  stopped  by  a 
system  of  struts  to  the  opposite  side,  and  gave  no  further  trouble. 

The  work  of  construction  was  commenced  on  28th  May,  1883,  and 
was  suspended  for  four  months  during  the  winter  of  1883-4.  On  the 
10th  Dec.,  1884,  the  dock  was  formally  opened,  and  H.  M.  S.  ''  Ten- 
edos  "  was  successfuly  docked. 

From  the  I>rawing6  accompanying  this  paper  Plate  IX  has  been 
prepared. 


DISCUSSION. 

Mr.CoHingwood  For  nearly  two  years  the  writer  has  acted  as  Company's  engioeer  for 
a  similar  work  built  by  Messrs.  J.  £.  Simpson  &  Co.,  from  their  own 
plans  at  Newport  News,  Ya.  The  two  docks  are  so  nearly  identical  in 
dimensions  and  structural  details  that  in  most  respects  the  description 
of  one  is  the  same  as  of  the  other.  While,  in  general,  the  floors  are  the 
same,  the  character  of  the  site  at  Newport  News,  required  piles  to  be 
used  throughout,  to  which  the  longitudinal  timbers  were  drift-bolted. 
The  James  Hiver  at  that  point  is  about  five  miles  wide.  The  shores 
consist  mostly  of  fine  sand  and  loam,  so  that  the  bottom  slopes  very 
gradually,  and  25  ft.  depth  was  not  reached  until  about  1,600  ft. 
from  the  shore  line. 

The  plan  adopted  was  to  build  an  embankment  315  h,  wide  at  grade, 
cutting  down  the  bluff  behind  for  the  purpose,  and  to  continue  the  same 
each  side  of  the  dock  nearly  to  the  entrance. 

On  the  South,  a  timber  bulkhead,  200  ft.  long,  served  to  protect  the 
outer  end  of  the  tank,  and  the  pump  and  engine  house,  and  on  the  North 
a  similar  one  100  ft.  long  was  built.  Beyond  these,  piers  250  ft.  long 
built  on  piles  were  extended  on  each  side  of  the  entrance,  the  heads  of 
the  piers  reaching  to  about  1,1 00  ft.  from  the  shore  line,  and  to  a  depth 
of  9  ft.  of  water  at  Ai.H.W.  Sheet  piling  was  driven  around  the  exte- 
rior row  of  piling,  exactly  as  described  in  the  paper. 

The  cofferdam  consisted  of  four  rows  of  sheeting  filled  with  material 
from  the  excavation. 

The  bottom  consisted  of  a  soft  surface  deposit,  below  which,  to  the  full 
depth  excavated,  there  was  a  kind  of  marl,  made  up  of  great  quantities 
of  shells,  mixed  with  sand,  etc.,  from  the  shores,  the  fine  material 
resulting  from  the  wear  of  the  shells  giving  it  a  greyish  appearance. 
It  would  stand  up  vertically  under  water,  and  was  exceedingly  hard  to 
dredge,  but  afi«r  being  disturbed*  made  a  thin,  sticky  mud.  The  cof- 
ferdam was  not  closed  until  the  pit  had  been  dredged  to  about  its 
depth,  and  on  pumping  out  the  water  there  were  from  one  to  four  feet 
of  mud  covering  the  bottom.  There  can  be  but  little  doubt  that  such 
material  may,  by  suitable  appliances,  be  most  economically  excavated 
"in  the  day." 

The  winds  from  the  North-west  and  South-west  have  a  reach  of  at 
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least  ten  miles,  and  the  resulting  waves  caused  serious  breaches  in  the 
light  earth  banks,  for  which  the  specifications  and  plans  (for  which  the 
speaker  was  not  responsible)  made  no  provision.  The  North  side  has  been 
protected  by  the  building  of  a  ship-yard  protected  by  suitable  cribbing. 
The  South  side  has  been  in  great  part  protected  by  the  travel  of  the 
sand  along  the  shore,  which  has  filled  the  angle  so  as  to  break  the  force 
of  the  waves. 

The  space  50  fb.  above  and  below  the  piers  and  between  them,  and 
for  400  ft.  in  width,  .and  to  deep  water  in  front  of  the  piers,  is  to  be 
dredged  to  25  feet  depth. 

The  piles  are  mostly  of  Virginia  pine.  Those  exposed  to  the  attacks 
of  the  teredo  are  of  creosoted  North  Carolina  pine,  and  those  at  the  bulk- 
heads, etc.,  are  of  oak. 

The  teredo  is  very  destructive  in  these  waters,  and  in  one  season  would 
destroy  the  strength  of  a  ten  inch  pile.  Some  of  the  sheeting  5  inches 
thick  in  an  exposed  place  was  entirely  eaten  off  in  one  season.  The 
ereosoting,  which  was  altogether  at  the  discretion  of  the  contractors,  was 
done  at  Wilmington,  N.  C,  the  wood  creosote  being  used ;  and  the 
result,  as  a  test  of  this  material  on  a  large  scale,  maybe  looked  for  with 
interest. 

The  centrifugal  pumps  for  emptying  the  dock  were  carefully  designed 
and  constructed  by  the  Southwork  Iron  Works,  at  Philadelphia.  The 
contract  requires  them  to  empty  the  dock  with  a  400  ton  vessel  on  the 
blocks  in  two  and  a  half  hours.  A  prelimmary  trial,  without  a  vessel, 
showed  that  they  can  do  it  in  about  1^  hours.  The  writer  regrets  that 
be  cannot  at  present  give  a  description  of  the  pumps. 

The  dock  will  be  publicly  opened,  probably  on  the  10th  of  April, 

It  should  be  stated  that  the  dock  is  remarkably  dry,  almost  too 
much  so  for  the  good  of  the  timber. 

The  ship-yard  has  been  started  on  a  basis  suited  to  present  needs, 
and  is  to  be  enlarged  as  circumstances  may  require.  With 'the  many 
advantages  of  location,  the  whole  enterprise  bids  fair  to  be  a  profitable 
one  from  the  start. 

Any  information  about  the  use  of  concrete,  especially  in  such  an  Mr.  B.A.DaT7 
important  structure  as  this  dry  dock,  must  be  of  great  interest  to  many 
members  of  our  society,  and  one  cannot  but  be  struck  with  the  adapta- 
bility of  this  particular  material  for  the  construction  of  this  class  of 
work,  not  only  on  account  of  its  being  monolithic,  which  is  of  very 
great  advantage  in  hydraulic  works,  but  also  from  the  facility  with  which 
the  timber  work  could  be  anchored  down  to  it. 
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It  would  be  of  interest  to  know  what  kind  of  ingredients  were  used  m 
making  the  conorete,  also  the  proportions  and  the  method  of  mixing  and 
putting  in  place.  The  work  having  been  begun  with  an  imperishable 
material,  it  seems  strange  that  so  much  wood  was  used  in  its  upper 
portions,  but  perhaps  the  author  can  give  some  good  reason  for  this 
course  being  pursued. 

Mr.  Prindle.  Mr.  Burchell's  interesting  paper  is  so  largely  descriptive,  that  there 
are  some  features  of  much  interest  which  suggest  themselves  as  worthy 
of  fiirther  remark  in  connection  with  this  important  public  work. 

First,  as  to  the  design  itself,  with  respect  to  the  peculiar  form  of 
construction  both  in  outline  and  section. 

The  great  width  on  coping  level,  as  compared  with  the  width  of  floor, 
gives  very  considerable  inclintition  to  the  inner  face  of  side  and  head 
walls,  and  presents  striking  advantages  in  the  way  of  furnishing  light 
and  air  at  the  floor  level  of  the  dock. 

This  inclination  to  the  vertical  of  the  altar  system,  due  to  the 
great  difTerence  in  width  between  the  floor  and  coping  levels,  permits 
the  use  of  low  narrow  altars  having  the  rise  and  tread  of  the  steps  of  an 
ordinary  staircase,  and  thus  furnishes  unequalled  facilities  for  ingress 
and  egress  of  workmen,  and  for  reaching  the  floor  from  any  point  of  the 
coping.  These  important  points  of  accessibility,  light  and  ventilation 
are  thus  secured  in  a  remarkable  degree. 

Minor  advantages  with  respect  to  superior  facilities  for  economical  shor- 
ing, supply  of  materials,  and  access  to  the  bottoms  of  vessels  under 
repairs,  etc.,  are  not  without  value,  and  are  incidental  to  this  form  of 
cross  section. 

G?rue,  the  water  prism  is  thus  considerably  increased,  and  more  pump- 
ing of  water  is  required  to  empty  the  dock  than  is  called  for  in  the  case 
of  masonry  docks  constructed  with  few  altars  of  great  rise  and  nearly 
vertical  inner  face  walls,  but  the  greater  advantages  of  light,  air  and 
accessibility  far  outweigh  the  small  amount  of  additional  coal  and 
time  consumed  in  the  operations  of  docking. 

It  is  to  be  observed  that  the  greater  width  of  docks  constructed  on 
this  general  plan  very  largely  increases  the  area  of  foundations  required, 
and  also  the  cube  of  masonry  which  would  be  necessary  if  constructed 
of  such  material.  The  consideration  of  this  plan  would,  therefore,  at 
the  outset,  raise  the  question  as  to  the  nature  of  the  materials  to  be 
employed  in  its  constriction,  and  render  some  substitute  for  masonry  a 
commercial  necessity,  in  order  to  reduce  the  cost  of  construction  and 
make  the  plan  feasible. 
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The  slope  of  the  altar  face  walls,  heing  ahout  the  angle  of  repose  of 
earth  embankments,  would  at  once  suggest  the  absence  of  any  necessity 
for  great  weight  or  strength  in  the  way  of  retaining  walls  to  resist 
the  thrust  of  earth  pressure,  and  the  absence  of  such  retaining  walls 
obviates  in  turn  the  necessity  for  the  heavy  and  more  costly  foundations 
for  the  side  walls,  which  would  otherwise  be  required. 

The  selection  of  timber  instead  of  granite  or  other  masonry  would 
appear  to  have  been  a  sensible,  if  not  indeed  a  necessary,  choice,  in 
order  to  produce  a  structure  combining  all  the  advantages  of  the 
design  at  a  reasonable  cost. 

The  volume  of  masoniy  required  for  a  dock  of  this  design,  with  its 
greatly  extended  base  of  foundation,  would  necessarily  be  large  and 
costly,  even  though  concrete  be  employed  for  backing  and  dressed  stone 
used  only  for  altars,  entrance  facing,  floor  and  coping. 

That  timber  construction,  such  as  is  here  employed,  would  prove  of 
sufficient  strength,  is  attested  by  the  numerous  examples  of  similar  docks 
in  the  States,  which  have  been  for  many  years  in  successful  use,  and 
have  repeatedly  received  the  largest  steamships  afloat  with  entire  safety, 
even  without  discharging  cargo ;  and  as  no  mention  of  weakness  has 
been  made  with  reference  to  the  St.  Johns  dock,  it  is  presumed  that 
none  has  as  yet  been  manifested  in  this  particular  case. 

So  great  has  been  the  success  attending  these  dry -docks  in  the  States, 
and  such  is  the  confidence  of  the  Gk)vemment  in  their  entire  efficiency 
and  economy,  that  no  less  than  three  are  now  in  course  of  construc- 
tion at  as  many  Navy  Yards,  Brooklyn,  Phildelphia  and  Norfolk,  all  of 
this  general  design,  and  500  feet  long  on  coping  leveL 

In  addition  to  these,  another  of  600  feet  in  length  has  just  been  com- 
pleted at  Newport  News,  Va.,  on  the  James  River,  thus  now  swelling 
the  number  of  timber  docks  built  on  the  Atlantic  coast  to  14,  and,  sin- 
guLirly  enough,  all  designed  and  built  by  the  same  engineers  and  con- 
tractors, whose  name  the  system  bears  in  the  States. 

At  first  thought,  the  use  of  timber  would  seem  unsuitable  for  such 
purposes  on  the  score  of  durability,  and  apprehensions  of  this  character 
would  naturally  arise  in  the  minds  of  engineers  (from  which  the  writer 
himself  was  not  exempt  when  he  first  entered  upon  the  study  of  timber 
dry-docks)  in  considering  such  a  construction.  Experience,  however,  is  a 
safe  guide  in  this  direction,  and  so  far  the  question  of  decay  of  timber 
dry^docks  has  not  been  found  to  be  so  serious  as  at  first  imagined.  It 
has  been  found  that  the  timber  most  exposed  to  decay  constitutes  but  a 
comparatively  small  fraction  of  the  whole  structure,  and  that  the  upper 
works  may  be  allowed  to  greatly  deteriorate  without  afleoting  the  inte- 
grity of  the  dock  itself. 
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Those  portions  which  XDOst  readily  decay  are,  fortunately,  those  which 
are  most  easily  and  cheaply  replaced,  and  do  not  at  all  affect  the  foun- 
dations which  may  justly  be  considered  as  substantially  imperishable. 

In  the  new  timber  docks  just  referred  to,  precautions  have  been 
taken  to  protect  the  coping,  upper  altars,  and  the  entrance  works  from 
decay  and  sea  worms  by  means  of  creosoting. 

Should  all  the  timber  in  such  structures  which  is  not  constantly  wet 
be  thus  treated,  it  would  seem  evident  that  the  question  as  to  the  life 
of  timber  dry-docks  in  respect  to  decay,  as  determined  by  actual  exper- 
ience, can  only  be  answered  by  future  generations. 

The  floating  gate  or  caisson,  for  closing  the  dock,  has  doubtless  its 
most  prominent  feature  in  the  sloping  stems  or  straight  overhanging 
ends,  whereby  but  little  handling  of  water  ballast  is  required  to  operate 
it,  as  but  little  rise  is  necessary  to  lift  the  gate  from  its  seat  at  the  sill 
and  abutments,  the  latter  here  superseding  the  "  grooves  "  of  the  older 
type  of  masonry  docks. 

The  employment  of  timber  in  the  construction  of  the  entrance  works 
here  again  favors  the  system,  as  it  is  desirable  to  spread  the  face  of  the 
entrance  walls  to  give  greater  width  on  water  line,  as  well  as  to  reduce 
the  earth  pressure  in  rear,  which  would  otherwise  demand  a  considerable 
weight  of  masonry  to  resist  as  a  retaining  wall. 

With  respect  to  the  location  of  the  St  Johns  dock,  many  dis- 
advantages appear  to  be  connected  with  its  great  distance  from  a  base  of 
supplies,  as  well  as  inconvenience  of  access  by  reason  of  ice  and  fogs  on  a 
forbidding  coast. 

The  country  and  vicinity  itself  contributed  but  little  else  than  ordi- 
nary labor,  and  a  meagre  quota  of  materials  for  construction,  so  that 
practically,  all  materials,  machinery  and  plant  had  to  be  imported  from 
a  considerable  distance,  in  all  sorts  of  weather,  on  a  dangerous  coast. 

A  consideration  of  the  difficulties  encountered  due  to  such  a  location 
only  serves  to  emphasize  the  facts,  as  to  the  remarkably  short  time  actu- 
ally required  for  the  execution  of  a  work  of  this  magnitude. 

Begun  in  May,  1883,  and  completed  in  December,  1884,  with  four 
months  suspension  of  work  during  the  intervening  winter,  the  actual 
time  consumed  was  less  than  fourteen  and  one-half  months,  which  is 
regarded  as  a  noteworthy  achievement.  While  much  is  doubtless  justly 
due  to  the  large  experience  and  well-known  energy  of  the  contracting 
engineers  themselves,  the  principal  reason  is  to  be  found  in  the  specially 
favorable  constructive  features  peculiar  to  the  design  itself,  which  fur- 
nishes such  exceptional  facilities  for  rapid  construction,  as  compared 
with  masonry  docks  of  usual  type. 
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Contrasted  with  the  yet  unfinished  United  States  Goyernment  graving 
dock  at  Mare  Island  Navy  Yard,  Califoroia,  of  granite  and  concrete 
masoniy,  which  has  heen  more  than  a  dozen  years  under  construction, 
at  a  cost  approaching  $3,000,000,  the  comparison  is  very  significant. 
True,  work  on  the  latter  structure  has  been  much  interrupted  and  de- 
layed, and  its  cost  greatly  increased,  through  repeated  failures  of  Con- 
gress to  furnish  money  in  regular  and  adequate  amounts  as  the  work 
progressed,  but  the  climate  there  is  most  favorable  for  prosecuting 
engineering  works,  particularly  masonry  constructions,  without  inter- 
ruption throughout  the  year. 

The  three  new  timber  docks,  before  referred  to  as  now  under  con- 
struction, will  probably  all  be  in  use  before  the  final  completion  of  this 
granite  dock  at  Mare  Island. 

Some  years  ago  the  writer  had  occasion  to  remark,  after  careful  study 
of  this  system  of  dry  dock  construction,  that  in  his  judgment  the  last 
stone  graving  dock  had  been  projected  in  this  country.  And  now  he  is 
gratified  to  note  that  the  old-time  conservatism  has  given  way  to  more 
modern  ideas  and  progress  in  the  adoption  of  this  system  by  the  Govern- 
ment, in  the  official  advocacy  of  which  he  was  the  pioneer. 

It  would  be  interesting  to  learn  what  has  been  the  effect  of  ice  and 
the  winter  climate  on  the  St.  Johns  dock  during  the  five  winters  now 
succeeding  its  completion,  as  also  upon  the  new  granite  dock  at  Quebec, 
of  more  recent  construction. 

The  granite  docks  at  Boston  and  Brooklyn  Navy  Yards  began  to 
yield  to  the  effects  of  ice  and  frost  after  a  few  years  exposure,  and  not- 
ably so  at  Brooklyn,  where  the  masonry  finally  became  so  much  de- 
stroyed as  to  render  the  dock  inoperative,  and  necessitated  the  recon- 
struction of  the  entrance  works,  relaying  of  the  stair vrays,  timber  slides, 
etc. 

Mr.  Burchell,  in  his  very  interesting  description  of  the  wooden  Dry  mt.  BobwoU 
Dock,  at  St.  Johns,  Newfoundland,  claims  for  it  certain  advantages, 
due  principally  to  the  character  of  the  altars,  and  the  correspondingly 
great  width  of  the  dock  at  coping  level ;  but  the  advantages  claimed 
appear  to  the  writer  to  be  doubtful  ones,  for  the  following  reasons. 

The  change  in  ocean  going  vessels,  from  the  wooden  sailing  vessel  to 
the  iron  steamship,  has  caused  a  corresponding  change  in  the  character 
of  the  repairs  generally  required  to  be  executed  in  a  dry  dock.  The 
materials  necessary  for  the  repairs  to  wooden  vessels  consisted  essentially 
of  square  timber,  planks  and  knees ;  and  these  could  be  readily 
slid  down  the  timber  slides  to  the  bottom  of  the  dock,  where  they  are 
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£tted  and  placed  in  position.  This  was  before  the  days  of  electrio  and 
lucigen  lights^  and  it  was  consequently  adyantageousto  provide  for  sun- 
light by  increasing  the  coping  width.  With  steamships  the  case  is  how- 
ever different,  the  materials  required  for  repairs  consisting,  for  the 
most  part,  of  heavy  masses  of  iron,  plates,  and  parts  of  machinery. 
The  fitting  and  preparing  of  the  material  is  completed  before  it  is  sent 
^own  to  the  ship,  the  piece  having  merely  to  be  put  in  place  on  arrival. 
In  the  case  of  a  plate,  the  rivetting  necessary  for  securing  it  in  position 
has  partially  to  be  done  from  the  inside  of  the  vessel,  and  would  require 
artificial  light  in  any  case.  Again,  these  heavy  pieces  of  iron  are  more 
readily  handled  by  a  steam  crane  than  in  any  other  manner.  A  steam 
erane  travelling  along  the  coping  of  the  dock  can  deposit  the  pieces  of 
machinery,  plates,  etc.,  just  where  required.  To  avoid  an  excessive 
length  of  boom  in  the  crane,  the  more  nearly  vertical  the  sides  of  the  dock 
are  the  better,  while  with  fewer  altars  and  more  nearly  vertical  sides  to 
the  dock,  the  shores  also  become  shorter,  which  is  an  undoubted  advan- 
tage. Some  of  the  older  stone  docks  were  constructed  with  a  cross  section 
very  similar  to  the  wooden  dock  at  St.  Johns,  but  in  the  more  recent 
ones,  the  number  of  altars  has  been  diminished,  so^  as  to  reduce  the 
width  at  the  coping. 

A  dry  floor  is  placed  by  Mr.  Burchell  among  the  prominent  features 
of  the  St.  Johns  Dock,  but  this  should  be  and  is  a  prominent  feature  of 
all  properly  constructed  docks,  whether  with  wooden  or  stone  floors. 

In  a  report  on  the  wooden  dock  at  St.  Johns,  by  Mr.  Keating,  the 
City  Engineer,  Halifax,  he  gives  the  quantity  of  water  discharged  by  the 
drainage  pump  due  to  leakage,  and  surface  drainage  at  965  gallons  per 
minute  ;  and  this  large  volume  of  water  must  pass  under  the  floor,  and 
keep  a  portion  of  the  timbers  damp.  That  the  exhalations  given  off  from 
damp  and  decaying  timbers,  under  the  heat  of  a  mid-day  sun,  can  be 
healthful  for  the  workmen  is,  Mr.  Boswell  considers,  a  matter  open  to 
considerable  doubt. 

Prof.  Bovey^  According  to  the  reports  of  Mr.  E.  H.  Keating  and  others,  it  appears 
the  advantages  claimed  for  wooden  docks  over  others  are — that  they 
are  drier,  more  comfortable  and  wholesome,  cooler  in  summer  and 
warmer  in  winter,  and  more  easily  freed  from  ice ;  while  specially  great 
advantages  are  that  the  altars  are  low  and  narrow,  affording  greater 
facilities  for  manipulation,  that  the  form  of  the  altars  renders  it  un- 
necessary to  cut  the  shores,  that  the  actual  repairs  on  a  wooden  dock 
are  less  than  on  a  stone  dock,  and  that  the  interest  saved  on  first  cost 
of  construction  is  quite  sufficient  to  cover  all  the  extra  cost,  if  there 
should  be  any,  of  repairs. 
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The  speaker  does  not  know  exactly  how  these  oonolusions  have  heen 
Airived  at,  but  probably  they  have  been  reached  by  comparing  an  efficient 
timber  dock  with  masonry  docks  of  an  inferior  character.  He  feels 
sare  that  with  a  proper  foundation  it  is  possible  to  render  a  stone 
dock  quite  as  dry  and  free  from  moisture  as  a  timber  dock,  although 
the  contrary  is  maintained  by  timber  dock  promoters. 

In  regard  to  the  form  of  wooden  altars,  being  more  suitable  for  the 
repairs  required  on  ships,  it  was  quite  possible  to  dress  stone  altars  in 
precisely  the  same  form  if  necessary,  but  he  thought  Mr.  Boswell  had 
given  good  reasons  why  the  extra  width  of  the  timber  dock  was  not 
saitable  when  steamship  repairs  were  required. 

In  the  matter  of  cost,  he  fancies  that  the  item  would  have  to  be  gone 
into  very  carefully  before  any  safe  comparison  could  be  arrived  at,  as  to 
the  superiority  of  any  one  class  of  dock  over  another. 

As  to  durability,  timber  under  fresh  water  is  practically  imperish- 
able, but  when  exposed  to  salt  water  it  is  liable,  unless  protected,  to 
suffer  from  the  attacks  of  the  teredo  and  other  sea  worms.  Experience 
on  the  Mersey  Docks,  Liverpool,  has  proved  that  one  of  the  greatest 
safe-guards  against  the  teredo  in  any  class  of  timber  work  is  creosoting, 
which  has  met  with  the  most  marked  success. 

The  upper  portion  of  a  timber  dock  must  soon  decay,  and  as  it 
would  require  replacing  every  few  years,  it  is  a  question  if  the  cost 
of  these  renewals  capitalized  would  not  be  sufficient  to  build  a  stone 
dock.  He  thought  that  anyone  who  had  seen  the  masonry  docks  in 
Liverpool  could  not  fail  to  be  impressed  with  the  idea  that  it  was 
better  to  have  a  stone  dock  if  possible. 

Doubtless  when  kept  in  as  good  state  of  repair,  timber  docks  are  quite 
as  efficient  as  stone  docks. 

Mr.  P.A.Peterson  said  that  the  author's  paper,  although  instruc- Mr. Peterson, 
tive  in  many  points,  was  of  too  general  a  character,  and  did  not  enter 
enough  into  detail  in  regard  to  the  plan  and  method  of  construction, 
while  the  details  given  as  to  pumps  and  buildings  might  have  been 
|ess  discursive. 

An  important  point,  not  stated,  was  whether  there  was  any  trouble 
caused  by  the  teredo,  perhaps  none  was  experienced,  but  at  any  rate  the 
matter  should  have  been  mentioned  in  the  paper. 

Information  should  also  have  been  given  as  to  the  composition  of 
the  concrete  used,  the  brand  of  cement,  and  also  the  details  of  the 
framing  would  have  been  interesting  and  valuable. 
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Mr.  Waitenk.  W.  McL.  Walbank  agreed  with  ihe  remarks  of  the  previous  speaker, 
that  the  subject  under  disoussion  might  have  received  fuller  treat- 
ment at  the  hands  of  the  author.  The  situation  of  the  dock  was  at 
ihe  mouth  of  Waterford  Bridge  river  or  upper  end  of  the  harbour  at 
St  Johns.  This  small  river,  in  Spring,  sent  down  a  considerable 
stream  of  water  although  there  was  very  little  in  the  Summer.  The 
geographical  situation  in  this  case  was  not  shown,  and  nothing  was  said 
as  to  how  the  water  passed  away  clear  of  the  dock,  or  of  the  difficulties 
encountered  in  dealing  with  it.  There  was  also  a  bridge  on  the  shore 
end,  built  of  ordinary  crib  work,  filled  in  with  stone,  the  centre  being 
left  open  for  the  water  of  the  river  to  pass  through.  He  did  not  know 
whether  the  dock  was  built  on  the  North  or  South  side  of  the  harbour. 

All  the  wharves  in  St.  Johns  were  of  wood.  He  could  not  say 
whether  they  were  attacked  by  the  teredo,  but  he  believed  the  mussels 
stuck  all  round  the  piles. 

There  was  nothing  said  about  the  cost  of  the  dock,  nor  had  any 
information  been  given  about  the  rise  and  fall  of  tides  and  as  to  what 
extent  they  affected  the  dock. 

Hr.  Devereux  The  following  remarks  must  be  accepted  as  the  results  of  practical 
working  experience,  rather  than  as  touching  upon  the  scientific  con- 
struction of  any  kind  of  graving  dock.  In  the  writer's  opinion  the 
design  of  the  dock  is  excellent,  especially  the  arrangement  of  the 
engines,  centrifugals,  discbarge  culverts,  and  entrance  piers — and  is  no 
doubt  all  that  could  be  desired  for  facilitating  the  docking  and  repair- 
ing  of  ships,  if  the  structure  is  watertight,  and  the  dock  can  be  kept 
dry  at  a  small  expenditure  of  fuel. 

On  this  latter  point  the  whole  economy  of  a  dock,  as  a  paying  insti- 
tution, rests.  What  with  the  wear  and  tear  of  the  machinery,  added  to 
the  cost  of  fuel  and  other  stores,  and  the  continually  increasing  leakage 
eroding  away  the  foundations  of  the  structure,  a  dock  that  leaks  much 
will  always  be  a  continual  source  of  trouble  and  expense.  On  this  point 
the  writer  wishes  to  be  clearly  understood,  because  from  his  own 
experience  he  does  not  consider  concrete  impervious  to  water  under  great 
pressure.  During  the  construction  of  the  dock  precautions  seem 
to  have  been  taken  to  guard  against  leakage  from  every  direction — 
especially  at  the  bottom  ;  but  whether  this  proved  effectual  after  the 
cofferdam   was  removed  is  not  stated. 

In  some  docks  differently  constructed  from  this  one,  the  floor  has  been 
lifted  by  the  pressure  of  water  underneath ;  but,  of  course,  such  a  case 
must  depend  much  upon  the  nature  of  the  surrounding  formations  and 


Discussion  on  St.  Johns  Dry  Dock  217 

the  stratum  on  wbioh  the  floor  of  the  dock  rests.  It  was  only  last  year 
that  theconstraotion  of  a  dock  at  Portland,  Oregon,simUar  to  the  one  un- 
der discussion,  had  to  be  abandoned  on  account  of  this  water  pressure. 
In  the  province  of  British  Oolumbia  drift-gravel,  hardpan  or  till  overly- 
ing rock,is  a  good  bed  to  build  upon,  and  is  usually  very  free  from  springs 
and  leakage  crevices. 

There  remains  another  very  important  matter  to  be  considered  in  the 
eonstruction  of  the  dock  in  question : — Is  it  advisable  to  build  docks  of 
such  large  dimensions  of  wood  and  concrete  only  ? 

In  the  writer's  opinion  it  is  not  desirable  to  do  so,  as  it  is  to  be 
supposed  that  it  is  built  for  the  accommodation  of  large  vessels  only. 
A  smaller  and  much  cheaper  one  would  answer  all  purposes  for  small 
craft,  and  then  a  wooden  structure  would  be  strong  enough,  and  last 
for  many  years  if  the  timber  were  well  covered  with  concrete,  and  kept 
continually  wet. 

To  come  now  to  the  practical  working  of  a  large  dock,  and  taking 
for  example  the  docking  of  one  of  the  Atlantic  liners — say  of  6,000 
tons.  If  this  vessel's  keel  is  straight,  and  she  preserves  a  perfectly 
uniform  bearing  on  the  keel  blocks,  there  will  be  no  difficulty  experienced 
with  the  docking  of  the  ship,  but  as  a  rule  these  vessels,  after  having 
been  in  use  for  a  while,  do  not  preserve  their  original  lines,  but  sag 
down  in  the  middle,  or  where  the  greatest  inside  weight  is ;  and  when 
the  vessel  is  docked  in  this  condition,  it  is  obvious  what  the  effect  will 
be  upon  the  keel  blocks  and  the  floor  of  the  dock.  Quite  recently, 
there  was  a  vessel  of  this  description  docked  at  Esquimalt,  and  the 
owners  thought  it  necessary  to  have  the  ship  raised  higher  than  the 
usual  keel  blocks  admitted.  For  this  purpose  the  best  Douglas  fir  that 
could  be  found  in  this  Province  was  used.  Though  warned  as  to 
the  result,  they  thought  they  would  risk  the  consequences,  and 
when  the  ship  was  landed  on  the  structure  built  of  12in.  x  12in., 
she  crushed  it  down  like  so  much  match  wood.  Of  course  pitch  pine 
bears  a  greater  crushing  strain  than  our  fir,  but  this  is  merely  mentioned 
as  an  example  of  what  might  be  expected  if  the  above  6,000  ton  ship  had 
been  ashore,  and  possibly  hogged,  or  if  large  portions  of  her  keel  had  been 
removed  in  several  places,  the  ship  being  at  the  same  time  probably 
loaded,  and  two  or  three  compartments  full  of  water.  What  then  would 
the  effect  be  upon  the  bottom  of  a  wooden  dock  of  such  great  length 
with  the  keel  of  the  vessel  resting  upon  the  blocks  in  two  or  three  short 
spaces  only,  and  not  continuously  along  the  whole  length  of  the  ship  ? 
Take  the  case  of  one  of  Her  Majesty's  ships  of  the  1st  class,  say  of 
11,000  tons,  with  her  coal,  stores  and  battery  all  on  board.     She  must 
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be  docked  at  once,  for  she  is  leaking,  and  part  of  her  keel  gone  (a  case 
likely  to  occur  within  the  ''  next  few  days  at  this  dock  '  Esquimalt/ 
''  for  one  of  Her  Majesty's  ironclads  has  been  ashore,  and  part  of  her 
"  keel  gone  or  said  to  be  gone,  bnt  not  leaking");  however,  she  must  be 
docked  in  that  condition.  How  would  it  fare  with  a  wooden  structure  in 
such  a  case  ?  No  doubt  it  would  suffer  badly,  and  the  Captain  of  any 
such  vessel  would  be  loath  to  put  his  ship  in  a  wooden  dock,  unless  it 
were  to  save  her  from  sinking. 

There  is  a  wooden  dock  450  feet  long  at  San  Francisco,  similar  to 
the  one  under  discussion,  bat  no  ironclad  has  been  in  it  up  to  date,  and 
it  is  a  well-known  fact  that  the  floor  of  the  dock  has  suffered  consider- 
ably under  much  less  weights  than  above  described.  Moreover,  it  is  not 
very  many  years  since  one  of  H.  M.  Ships  on  this  station  got  ashore 
and  had  to  go  to  San  Francisco  to  be  docked,  where  she  went  on  the 
United  States  Pontoon  Dock  at  Mare  Island  Navy  yard — ^broke  it 
down,  ruined  the  ship,  cost  the  Imperial  Grovernment  $150,000  to 
repair  the  dock,  and  after  all,  when  the  ship  went  home,  she  was  con- 
demned, and  never  again  went  into  commission. 

Mr.H.F.Perley  The  builders  of  the  dry  dock  at  St.  Johns,  Newfoundland,  Messrs. 
Simpson  &  Co.,  of  New  York,  claim  that  by  their  system  of  construct- 
ing in  wood,  the  cost  of  such  structures  is  reduced  to  a  minimum,  and 
therefore  it  should  be  adopted  in  preference  to  constructing  in  stone. 

Mr.  Burchell  does  not  give  the  cost  of  the  dock  at  St.  Johns, 
neither  is  it  given  in  an  ''  Official  report  of  a  Board  of  Inspectors, 
ordered  by  the  Secretary  of  the  U.S.  Navy  '*  to  examine  that  dock, 
but  the  sum  of  $556,000  appears  in  a  report  submitted  by  Mr.  E.  H. 
Keating,  City  Engineer  of  Halifax,  N.S.,  to  the  Mayor  of  that  city, 
on  an  inspection  he  made  in  December,  1884. 

Taking  the  length  as  stated  by  Messrs.  Burchell  and  Keating,  the 
cost  per  lineal  foot  may  be  placed  at  $1,000,  and  this  without  any 
allowance  for  land  damages,  or  customs  dues  on  materials,  machinery, 
etc.,  which  were  admitted  into  the  colony  free  of  duty. 

In  January  last  the  U.S.  Government  called  for  tenders  for  the 
construction  at  League  Island  Navy  Yard,  of  a  timber  dry  dock  500 
feet  in  length,  130  feet  in  width  at  the  top,  and  50  feet  at  the  bottom, 
with  a  width  of  80  feet  at  the  entrance,  and  a  depth  of  25  i  teet  on  the 
sill,  with  caisson,  culverts,  pumping  plant,  etc.,  complete,  and  the  only 
offer  received  was  from  the  Messrs.  Simpsom,  whose  price  was 
$548,700  for  the  dock  complete,  and  $975  per  lineal  foot  for  any  length 
over  500  feet. 
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The  (stone)  dock  proper  at  Esquimalt,  B.C.,  cost  about  $1,500  per 
lineal  foot,  which  included  land,  coffer-dam,  unwatering,  caisson,  valves, 
pumping  machinery,  buildings,  etc.,  and  when  called  upon  to  estimate 
the  cost  of  extending  that  dock  a  length  of  100  feet,  the  writer  placed 
it  at  $1,000  per  foot,  that  being  the  actual  cost  of  constructing  one  foot 
of  the  body  of  that  dock. 

It  is  extremely  questionable  whether  a  wooden  dock  at  a  cost  of 
4975  per  foot  can  claim  any  character  for  cheapness  when  compared 
with  the  dock  at  Esquimalt,  where  labor  and  materials  are  higher  than 
on  the  Atlantic  coast ;  and  certainly  on  the  score  of  permanency,  main- 
tenance and  repairs,  the  stone  structure  has  the  pre-eminence,  and 
thus  the  claim  for  cheapness  falls  to  the  ground. 

On  this  point  it  is  well  to  quote  from  the  report  by  Mr.  Keating, 
referred  to  herein.  '^  It  is  claimed  for  wooden  docks  that  their  compar- 
ative cheapness  should  outweigh  all  other  considerations.  The  Amer- 
ican patentee  claims  that  *  the  original  cost  is  less  than  one-tenth  that 
required  for  a  permanent  stone  dock,'  and  if  this,  or  even  a  much 
higher  value  had  been  fixed  as  their  true  worth,  there  would  be  no  need 
for  further  argument  in  their  favor.  An  examination  into  the  facts, 
however,  shows  that  in  some  cases  at  least,  their  actual  cost  has  not 
fallen  short  of  a  fair  price  for  a  similar  stone  structure  in  a  favourable 
locality.  The  two  wooden  docks  at  Brooklyn  are  reported  as  having 
-cost  as  they  stand  to-day  $1,283,356  (exclusive  of  interest),  or  say 
$640,000  each,  although  they  are  both  operated  by  the  same  set  of 
pumps ;  and  in  ihe  case  of  St  Johns,  if  the  value  of  the  land  and 
the  remitted  duties  be  added,  it  will  be  found  that  the  actual  cost  of  the 
dock  at  that  port  has  been  about  the  same  sum,  A  carefully  designed 
permanent  stone  dock  with  all  its  appendages,  under  similar  favorable 
circumstances,  and  suitable  building  materials  within  a  reasonable 
distance,  would  not  in  myjudgment  prove  any  more  expensive." 


Thursday  9th  May, 
P.  A.  PETERSON,  Vice-President,  in  the  Chair. 

Taper  No.  31. 

THE  ESQUIMALT  GRAVING  DOCK  WORKS,  BRITISH 
COLUMBIA. 

By  W.  Bennett,  M.Can.Soo.C.E. 

These  works,  which  were  fully  illustrated  in  "  Engineering  "  of  the 
20th  and  27th  of  July,  1888,  were  originally  commenced  by  the  Gov- 
ernment of  British  Columbia,  and  have  been  completed  at  the  cost  of 
the  Dominion  of  Canada,  the  Imperial  Government  contributing 
£50,000  thereto,  in  consideration  of  which,  any  of  H.M.  ships  have 
priority  of  entry  and  free  dockage  for  15  years,  on  payment  of  working 
expenses  only.  The  works  were  designed  by  Mr.  Kinipple,  the  senior 
member  of  the  late  firm  of  Kinipple  &  Morris,  Engineers  in  Chief  for 
the  whole  of  the  works. 

The  outer  or  Cofferdam  works  (Figs  1  and  2,  p.  221),  were  com- 
menced in  September,  1876,  and  the  inner  or  Dock  works  some  four 
years  later.  The  Earl  of  Dufferin,  then  Governor  General  of  Canada, 
was  present  when  the  first  pile  of  the  dam  was  driven.  The  Dock  wa& 
opened  on  20th  July,  1887,  H.M.S.  "Cormorant"  being  the  first  to 
enter,  and  followed,  when  her  repairs  were  completed,  by  H.M.S. 
"  Caroline." 

The  progress  of  the  outer  works  was  to  a  certain  extent  hindered  by 
the  fact  that  at  Esquimalt  the  range  of  tide,  which  was  supposed  to  be 
about  10  feet,  is  very  uncertain,  the  tide  remaining  frequently  at  almost 
H.W.  level  for  days  together,  which  thus  prevented  the  wales  and  struts 
of  the  dam  being  placed  in  their  respective  positions.  The  original 
drawings  had  therefore  to  be  somewhat  modified  in  order  to  prevent 
farther  delays  in  the  completion  of  this  portion  of  the  work. 

In  January,  1876,  the  contract  for  the  Cofferdam  was  given  ta 
Messrs.  Reed  Brothers,  of  Tokenhouse  Yard,  London,  by  the  British 
Columbian  Government,  for  the  sum  of  £12,311.  Owing,  however^ 
to  the  non-fulfilment  of  their  contract  in  the  specified  and  extended 
time,  the  Government,  in  June,  1879,  after  the  contractors  had  ceased 
work  altogether,  took  possession  of  the  Cofferdam  works,  and  completed 
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them  in  the  following  October,  under  the  superintendence  of  their  Resi- 
dent Engineer. 


^l^Al-f        ^"^OTH 
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When  the  water  was  pumped  out  from  the  area  on  which  the  Graving 
Dock  was  to  be  constructed,  the  dam  was  found  to  be  perfectly  tight  in 
every  respect,  although  for  fully  one-third  of  its  total  length,  of  upwards 
of  500  feet,  at  the  shore  ends,  the  sheeting  piles  had  to  be  planted 
on  a  very  uneven  foundation  of  rock,  overlaid  with  sand,  shells,  and 
boulders,  all  of  which,  of  course,  had  to  be  removed.  Some  of  the  holes 
for  the  rock  pile  shoes  were  drilled  in  25  feet  of  water.  The  dam  did 
not  show  the  slightest  strain  when  the  full  pressure,  due  to  a  head  of 
nearly  30  feet,  was  brought  against  it,  and  remained  intact  until  it  was 
removed  on  the  completion  of  the  Dock  in  1887.  Although  the  dam 
was  not  removed  for  7  years  after  its  completion,  no  pumping  whatever 
was  required  during  that  time  beyond  that  which  was  due  to  percolation 
through  the  strata,  or  to  rainfall. 

The  three  sluices  through  the  Cofferdam  were  not  constructed  aa 
shown  on  Figs.  5,  7,  and  8,  so  much  on  account  of  the  tidal  difficulties 
already  referred  to  as  for  the  avoidance  of  leakage,  and  in  lieu  thereof 
one  sluice,  equal  in  capacity  to  the  three  proposed,  was  built  in  the 
channel  way  at  the  back  of  Thetis  Island  (Fig.  1),  and  by  its  means 
the  Dock  was  flooded  at  the  testing  of  the  caisson  against  the  meeting 
faces. 

The  greater  portion  of  the  Portland  cement  used  in  the  construction 
of  the  Dock  was  supplied  by  Messrs.  Gibbs  &  Co.,  of  Gray's  Essex,  and 
the  remainder  by  Messrs.  Robins  &  Co.,  and  other  well  known  English 
makers. 

In  June,  1875,  tenders  were  ordered  to  be  obtained  for  the  Dock 
pumping  machinery,  and  Messrs.  James  Watt  &  Co.,  of  Soho,  Birming- 
ham, secured  the  work  at  the  contract  price  of  £6300.  This  contract 
included  the  boilers,  engines,  caisson  hauling  gear,  sluices,  pumps,  ftc. 
The  boilers  (3  in  number,  one  spare)  are  of  the  cylindrical  and  multi- 
tubular type,  each  15  feet  long,  and  6^  feet  in  diameter,  having  2  flues 
4  feet  6  inches  long,  2  feet  3  inches  in  diameter,  a  large  combustion 
chamber,  and  120  tubes  2|  inches  in  diameter,  5  feet  in  length. 
(Fig.  27).  The  boilers  were  tested  to  120  lbs.  per  square  inch,  the  work- 
ing pressure  being  estimated  at  60  lbs.  The  main  pumping  engines  are 
capable  of  raising  907,000  cubic  feet  of  water  in  6  hours,  widi  an  ex- 
treme lift  of  35  feet,  and  a  mean  lift  of  17  feet  6  inches.  These  engines 
are  of  t^e  low  pressure  condensing  horizontal  description.  The  cylin- 
ders, 2  in  number,  are  27]^  inches  in  diameter,  with  a  stroke  of  4  feet. 
The  main  pumps  are  4  feet  in  diameter,  and  5  feet  stroke,  the  working 
barrels  (Fig.  24)  of  which  are  lined  with  brass ;  the  pump  buckets  are  also 
of  brass,  with  india-rubber  valves,  and  designed  to  discharge  from  15,000 
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to  18,000  gallons  per  minute.  The  auxiliary  engine  is  of  the  vertioal 
direct  acting  description,  haying  a  cylinder  14  inches  diameter,  and  a 
12  inch  stroke.  This  engine  is  used  both  for  working  the  auxiliary 
pumps  and  the  caisson  hauling  gear.  The  auxiliary  or  drainage  pumps, 
2  in  number,  10  inches  in  diameter,  with  a  2^  feet  stroke,  are  jointly 
capable  of  raising  600  to  800  gaUons  per  minute,  50  feet  high,  (Fig. 
26). 

The  whole  of  this  machinery  was  delivered  at  Esquimalt  in  1876,  and 
stored,  with  the  exception  of  the  auxiliary  pump,  which  was  used  to 
pump  out  the  area  behind  the  Cofferdam,  and  also  to  keep  down  the 
surface  drainage  during  the  whole  period  that  the  works  were  under 
construction ;  thus  the  necessity  of  obtaining  special  pumps  for  this 
purpose  was  obviated. 

On  the  5th  of  September,  1879,  tenders  were  advertised  for  the  main 
works,  and  Messrs.  F.  B.  McNamee  &  Co.,  Montreal,  were  the  success- 
ful contractors. 

The  works,  however,  were  not  commenced  before  the  13th  of  Septem- 
ber, 1880 ;  but  progress  was  slow,  and  in  April,  1882,  the  contractors 
stopped  work,  and  consequently,  in  June,  1882,  possession  of  the  works 
was  taken  by  the  Government  of  British  Columbia.  The  works  were 
carried  on  for  the  following  12  months  by  day  labor,  and  again  under 
the  direction  of  their  Besident  Engineer.  On  the  24th  of  August,  1883, 
the  works  were  handed  over  by  the  Government  of  British  Columbia  to 
the  Dominion  Government,  under  the  terms  of  the  Settlement  Bill,  one 
of  the  terms  of  which  Act  provided  for  the  repayment  of  all  sums  ex- 
pended on  Dock  account  by  the  Federal  to  the  Provincial  Government. 

The  Dominion  Government  thereupon  advertised  for  tenders  for  com- 
pletion of  the  works,  but  it  was  not  until  November,  1884,  that  the 
tender  of  the  well-known  firm  of  Messrs.  Larkin,  Connolly  &  Co.,  of 
Quebec,  was  accepted,  and  they  afterwards  prosecuted  the  works  to 
completion  with  great  energy  and  ability. 

The  Dock  is  450  feet  in  length  (Fig.  9)  from  the  inner  face  of  the 
caisson,  when  in  its  ordinary  berth,  to  the  base  of  the  circular  head, 
and  has  a  width  at  the  entrance  of  65  feet.     (Fig.  10.) 

The  walls  of  the  Dock  are  parallel  for  the  entire  length,  and  the 
width  across  the  floor  is  41  feet.  The  top  inside  width  of  the  Dock  at 
coping  level  is  90  feet,  and  the  depth  on  sill  at  ordinary  H.W.  is  26^ 
feet.     Occasionally,  however,  the  tide  rises  from  2^  to  3J^  feet  higher. 

The  excavation  for  the  Dock,  which  was  commenced  in  1880,  was 
mostly  in  sand  and  shells  for  a  depth  of  about  3  feet  over  the  entire 
area  of  Thetis-Cove.    Below  this  level  very  stiff  brown  and  blue  day 
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was  encountered  (with  occasional  boulders  imbedded),  with  the  exception 
of  an  out-cropping  of  rock,  which  occurred  about  half  way  up  the 
Dock,  continuing  to  the  end,  and  under  the  caisson  chamber  and  engine 
house  foundations. 

The  whole  of  the  foundations  of  ihe  entrance  works  are  of  cellular 
brickwork,  laid  in  3  to  1  Portland  cement  oompo,  and  the  pockets  filled 
in  with  concrete. 

The  walls  and  Dock  entrance  are  7  to  1  rubble  concrete,  faced  with 
sandstone  in  2  feet  courses.  The  sandstone  facing  of  the  Dock,  accord- 
ing to  the  contract  drawing,  was  in  1  foot  courses ;  but  as  good  stone 
was  easily  obtainable  of  large  size  in  the  district,  it  was  ultimately 
decided  to  adopt  2  feet  courses.  The  sandstone  was  obtained  from 
Salt  Spring  or  Admiralty  Island,  and  the  granite  from  Nelson  Island, 
respectively  distant  from  Esquimalt,  50  and  100  miles.  A  skin  of  9 
inches  in  thickness  of  5  to  1  Portland  cement  fine  concrete  was  intro- 
duced into  the  bottom  of  the  whole  of  the  foundations,  against  the 
backs  of  all  the  walls,  and  also  behind  the  brickwork  and  stone  facing 
work,  and  generally  throughout  the  works. 

The  Dock  side-walls  are  built  vertical,  the  upper  portions  being 
carried  by  rubble  concrete  arches.  Under  the  bottom  of  the  Dock 
there  are  6  arterial  box  drains,  laid  in  5  to  1  Portland  cement  porous 
concrete,  which  are  connected  with  the  rubble  drains  running  behind 
the  walls  in  each  arched  recess,  the  whole  of  which  discharge  into  the 
drainage  pump  well. 

The  inverts  are  112  feet  radius,  the  outer  being  15  feet  wide,  and 
the  inner  20  feet,  both  of  which  are  faced  with  sandstone  with  a  heart- 
ing of  brickwork  and  7  to  1  concrete,  (Figs.  10,  11).  The  caisson 
berth  meeting  faces  and  quoins  of  the  invert  are  of  granite,  which  are 
fine-axe  dressed  for  12  inches  in  width,  and  have  a  projection  of  f  of 
an  inch.     (Fig.  10). 

The  invert  at  the  bottom  of  the  caisson  chamber  is  of  brickwork  set 
in  3  to  1  Portland  cement  compo,  and  founded  on  7  to  1  concrete,  and 
the  walls  of  the  chamber  are  of  hammer-dressed  sandstone,  in  2  feet 
courses,  with  5  arched  recesses  on  each  side.  The  chamber  is  provided 
with  stop  quoins  (Figs.  13  to  17)  at  its  entrance,  and  by  means  of 
balks  of  timber  inserted  therein,  can  be  converted  into  a  dock  for  paint- 
ing or  repairing  the  caisson. 

The  cast-iron  boxes  carrying  the  rollers  on  which  the  caisson  travels 
are  set  in  brickwork  on  the  bottom  of  the  chamber  and  berth.  At  each 
end  of  the  caisson  chamber  pathway  there  is  a  scouring  culvert,  which 
can  be  used,  when  desired,  to  clear  the  roller  pathway  of  any  mud  that 
may  accumulate,  (Fig.  10). 
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The  dook  is  provided  with  four  timber  slides  and  stairs,  of  finely 
dressed  masonry,  two  at  the  head  and  two  at  the  stem.  There  are  also 
twelve  cedar  double  fenders,  with  ladders  in  them  of  4  feet  in  width,  six 
patent  hand  power  capstans,  and  the  necessary  mooring  posts,  a  powder 
magazine,  all  necessary  lavatories,  &c.,  three  hydrants  on  each  side 
of  the  dock,  with  a  first-rate  water  supply.  Outside  the  entrance  to 
the  dock  are  two  wrought-iron  buoys  attached  to  screw  moorings  by  a 
2|  inch  stud  cable,  for  the  purpose  of  facilitating  the  docking  and 
nndocking  of  vessels.  The  works  are  now  lit  up  at  night  by  electricity. 
The  engine  and  boiler  house  and  chimney  shaft  are  faced  with 
hanmier-dressed  ashlar,  backed  with  brickwork  in  Portland  cement. 
The  chimney  shaft  is  90  feet  9  inches  above  coping  level ;  and  it  was 
found  necessary  to  go  to  45  feet  below  coping  for  foundation  for  the  same. 

The  paving  at  the  centre  portion  of  the  dock  bottom,  for  a  width  of 
10  feet,  consists  of  two  courses  of  stone  2  feet  in  depth  and  1  foot  9 
inches  in  width,  and  filled  in  between  with  five  courses  of  18  inches  in 
depth,  and  the  remaining  portion  of  the  dock  bottom  is  paved  with 
twenty  courses  of  stono  2  feet  in  depth  by  18  inches  in  width,  the  whole 
being  laid  in  Portland  cement  compo. 

The  discharge  pipe  from  the  auxiliary  drainage  pump  is  carried 
through  the  quays,  and  across  the  caisson  chamber  immediately  under 
the  surface  of  the  quays,  and  down  the  face  of  the  harbour  quay 
wall. 

There  are  also  two  culvert  mouths,  4  feet  in  diameter,  in  the  faces 
of  the  harbour  or  quay  walls.  The  one  on  the  west  side  is  the  dis- 
charge from  the  main  pumps,  and  the  other  for  scouring  the  caisson 
berth  at  its  eastern  end. 

One  of  Mr.  Kinipple's  patented  Travelling  and  Folding  Bridge 
Caissons  was  constructed  and  erected  for  this  dockj  by  the  Dominion 
Bridge  Works  Co.,  at  Lachine,  Quebec,  and  transported  in  pieces  by 
the  Canadian  Pacific  Eailway  to  Esquimalt.  The  caisson  illustrated 
is  provided  with  keels,  which  travel  on  two  lines  of  rollers  placed  on  the 
bottom  of  the  chamber  and  caisson  recess,  (Fig.  19). 

The  Folding  Bridge  on  the  top  of  the  caisson  is  supported  by  levers 
having  adjustable  tail  weights,  which  together  form  a  parallel  motion. 
The  raising  and  lowering  of  the  platform  is  effected  by  rollers  on  the 
nose  of  the  platform  against  curved  plates  placed  in  the  abutment. 

The  caisson,  which  is  hauled  by  steam  power,  may  be  drawn  in  or  out 
of  its  recess  in  less  than  five  minutes,  and  in  any  weather.  It  is  divided 
into  two  parts,  the  lower  being  an  air-tight  chamber  of  sufficient 
capacity  to  reduce  the  weight  of  the  caisson  on  the  rollers  to  a  minimum, 
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and  the  upper  a  flotation  chamber,  from  which  the  water  is  pmnped  on^ 
by  means  of  a  Pulsometer  whenever  it  is  necessary  to  float  the  caissoa 
out  of  its  berth;  Abrasion  of  the  meeting  faces  of  the  caisson  and 
granite  sills  and  stop  quoins  is  prevented  by  the  keels  having  '*  swells  " 
in  them,  as  illustrated  (Fig.  23),  which  ensures  a  clearance  between  all 
the  meeting  faces,  when  the  caisson  is  being  hauled  into  or  out  of  its- 
recess. 

The  sides  of  the  caisson  are  vertical,  but  are  bevelled  horizontally,  the 
inner  face  being  of  less  width  than  the  outer,  in  order  that  by  moving- 
the  caisson  a  short  distance  back  into  its  chamber,  and  allowing  the 
caisson  to  float  high  enough  to  clear  the  invert  or  sill,  it  may  be 
turned  round  and  floated  out,  when  necessary,  for  repairs,  &c.  The 
caisson,  when  afloat,  can  also  be  berthed  against  the  outside  meeting- 
face  of  the  outer  invert,  and  by  this  means  the  available  length  for 
dockage  would  be  increased  by  31  feet,  and  the  length  of  the  dock  from 
the  inner  face  of  the  caisson  to  the  base  of  the  circular  head  would  then, 
be  481  feet. 

By  constructing  the  caisson  as  above  described,  the  usual  battered 
sides  are  dispensed  with,  and  a  saving  of  about  10  feet  in  width  of  the 
entrance  is  thereby  effected. 

The  caisson  is  constructed  of  a  series  of  horizontal  and  vertical 
angle  and  T  irons,  with  cross  diagonal  bracing  4  feet  6  inches  apart. 
The  outside  plating  varies  from  ^  inch  to  ^  inch  in  thickness.  A  teak 
meeting  face  or  rubbing  piece  1  foot  3  inches  wide  is  attached  to  the 
inside  and  outside  faces  of  the  caisson,  following  the  vertical  sides  and 
radius  of  the  invert. 

The  displacement  of  this  caisson  is  530  tons,  and  its  entire  weight 
equals  294  tons,  made  up  as  follows : — Cast  iron,  63  tons ;  brass,  4 
tons;  wrought  iron,  199  tons;  teak  face  and  other  ironwork,  28  tons; 
the  weight  of  the  concrete  ballast,  over  180  tons. 

The  width  of  the  rising  and  falling  platform  is  10  feet,  the  height 
of  the  caisson  from  the  inner  side  of  the[keels  to  the  coping  level  is  34 
feet  10  inches,  the  length  67  feet  2  inches  on  the  inner  or  dock  side, 
and  71  feet  2  inches  on  the  outer  or  harbor  side.  The  keel  blocks  are 
of  cast  iron,  in  three  pieces,  wedge  shaped,  the  lower  piece  is  checked 
into  the  stone  paving,  and  each  block  is  provided  with  a  hard  wood 
cap  and  a  rubbing  piece  on  top. 
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Gross  Tonnage  of  Vessel. 


For  all  vessels  up  to  1000  tons 
From  1000  to  2000     " 
"     2000  to  3000     " 
«    3000  to  6000    " 


For  the  first  day 
of  docking. 


$400  00 
500  00 
600  00 
700  00 


For  each  foUow'g 

day,  including; 

the  undocking 

day. 


10  cents  per  ton. 
8    "        " 
a    it        " 


It  may  be  of  some  interest  to  mention  that  the  above  rates  are 
less  than  those  at  Yokohama,  Japan,  or  than  those  at  San  Francisco, 
U.S.A.,  (which  are  from  100  to  300  per  cent,  higher),  should  a  vessel 
occupy  the  dock  from  7  to  10  days. 

The  Koyal  Naval  Dockyard  adjoins  the  Graving  Dock  property, 
and  to  the  westward  thereof,  thereby  affording  great  facilities  for  re- 
pairs to  any  of  Her  Majesty's  ships. 

The  total  cost  of  the  Graving  Dock  Works,  inclusive  of  the  site,  the 
cofferdam  works,  as  well  as  the  engine  and  boiler  houses,  pumping 
machinery,  and  caisson,  amounted  to  about  £180,000. 

Mr.  William  Bennett,  M.  Inst.  C.E.,  M.Can.Soc.C.E.,  was  the 
Resident  Engineer  from  1875,  until  the  completion  of  the  works  in 
1887,  and  Mr.  Francis  O'Reilly  was  for  two  years  his  assistant. 

From  the  Drawings  accompanying  this  paper,  Plates  X  and  XI 
have  been  prepared. 


DISCUSSION. 

pir.  Parley.  The  coDStruction  of  the  graving  dock  at  Esqnimalt  was  undertaken 
by  the  Goyemment  of  British  Colombia,  in  aocordanoe  with  plans  pre- 
pared by  Messrs.  Kmipple  &  Morris,  of  London,  England. 

In  1876,  the  ooffer-dam  was  commenced ;  but  owing  to  failure  on  the 
part  of  the  contractor,  the  provincial  authorities  took  possession,  and 
completed  it  in  1879. 

During  1876,  the  pumping  machinery  arrived  in  Esqnimalt,  and  re- 
mained in  store  until  1886,  when  it  was  eventually  put  in  place. 

In  1879-80,  a  contract  was  entered  into  with  Messrs.  F.  B.  McNa- 
mee  of  Montreal  for  the  construction  of  the  dock  proper,  it  being  stipu- 
lated that  the  cement  (Portland)  should  be  supplied  by  the  Govern- 
ment. After  arrival  in  British  Columbia,  Messrs.  McNamee  &  Co. 
associated  themselves  with  some  local  contractors,  but  this  did  not  tend 
to  facilitate  the  progress  of  the  work,  which  was  slow  and  delayed  for 
the  want  of  cement,  the  result  being  that  in  April,  1882,  operations 
ceased  entirely.  Possession  of  the  works  was  taken  by  the  provincial 
authorities,  who  carried  them  on  by  day  labour  until  August,  1883, 
when  they  again  stopped,  and  passed  into  the  hands  of  the  Dominion 
Government,  and  under  the  direct  control  of  the  Minister  of  Public 
Works. 

Steps  were  at  onoe  taken  to  complete  the  dock.  The  works  were 
placed  under  the  direct  charge  and  control  of  the  writer  as  chief  engi- 
neer, the  services  of  Messrs.  Kinipple  &  Morris  were  dispensed  with, 
and  they  had  not  anything  to  do  with  the  actual  construction  and 
completion  of  the  dock ;  Mr.  Wm .  Bennett  being  retained  as  resident 
engineer. 

No  change  was  made  in  the  plans,  but  the  original  specification  was 
revised,  and  the  first  set  of  tenders  having  been  rejected,  a  second  set 
was  obtained,  and  the  work  was  let  in  1884  to  Messrs.  Larkin,  Con- 
nolly &  Co.,  who  were  at  that  time  proceeding  with  the  construction  of 
the  graving  dock  at  Levis,  Quebec.  Under  their  mana^ment  the 
dock  was  brought  to  completion  in  1887. 

As  designed  by  Messrs.  Kinipple  &  Morris,  the  dock  was  only  380 
feet  in  length  on  the  floor,  the  plans  providing  for  an  extension  at  a 
iuture  date,  the  works  in  connection  with  which  occupied  a  length  of  50 
feet.     These  works  were  abandoned  by  the  writer  as  useless,  and  a 
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ciiCTiIar  head,  as  at  Qaebeo,  was  bailt,  thus  extending  the  floor  to  a 
length  of  430  feet,  making  the  dock  proper  available  for  vessels  up  to- 
that  length,  and  by  "  blocking  up  "  on  the  keel  blocks  and  the  inner 
invert,  a  vessel  not  exceeding  445  feet  in  length  over  all  could  be  docked.. 
During  the  progress  of  the  work  a  change  was  made  by  the  writer  in 
the  dimensions  of  the  ashlar  in  the  dock-walls,  and  courses  of  two  feet 
in  thickness  instead  of  one  foot,  as  per  specification,  were  adopted,  much 
to  the  benefit  of  the  work. 

The  plans  provided  for  the  use  of  brick  under  and  in  connection  with 
the  inverts  and  outer  walls  and  in  the  pump-wells  and  culverts.  Ex* 
perience  has  shown  that  this  was  a  mistake,  as  much  trouble  has  been 
had  in  the  wcUs,  the  bricks  not  being  water-tight,  or  hard  and  solid 
enough  to  stand  the  strains  of  the  pumps  when  in  motion. 

The  pumps  which  had  been  furnished  were  not  found  to  be  sufficient 
for  the  work  they  were  supposed  to  do,  and  a  12  inch  centrifugal  pump 
had  to  be  provided  to  ensure  the  unwatering  of  the  dock  within  a 
reasonable  time,  and  to  be  available  in  the  event  of  an  accident  to  the 
main  pumps. 

With  respect  to  these  pumps  it  may  be  of  interest  to  state  that  during 
the  past  winter  it  was  found  that  owing  to  galvanic  action,  caused  by 
the  sea-water,  the  iron  pump  rods,  where  they  joined  with  the  brass 
plungers,  were  corroded  or  eaten  away  to  such  an  extent,  that  imme- 
diate steps  had  to  be  taken  to  prevent  a  break  down ;  and  changes  are 
being  made,  which  will,  it  is  hoped,  prevent  trouble  in  the  future. 

The  dock  is  in  good  working  order,  and  may  be  said  to  be  constantly 
employed,  as  there  is  not  a  dock'  on  the  Pacific  coast  nearer  than  San 
Francisco,  or  across  the  ocean  at  Yokohama,  Japan. 

Mr.  Bennett  is  in  error  in  stating  the  cost  of  the  dock  to  be  about 
£180,000,  say  $800,000,  as  payments  were  made  to  the  Provincial 
Government  for  work  done  under  the  McNamee  contract,  and  by  day 
labor,  together  with  a  bulk  sum  payment  of  $250,000,  as  well  as  sun- 
dry payments  in  settlement  of  claims  arising  out  of  engagements  made 
prior  to  1883,  so  that  the  ultimate  cost  may  be  placed  at  $1,000,000. 

In  connection  with  this  dock  the  writer  notes  that  Mr.  Bennett  has  not 
made  any  reference  to  Sir  Jos.  W.  Trutoh,  K.C.M.G.,  M.  Can.  Soc.  C.B., 
who,  as  agent  of  the  Dominion  of  Canada,  exercised  on  behalf  of  the 
Minister  of  Public  Works,  and  under  the  terms  of  the  contract  with 
Messrs.  Larkin  &  Co.,  direct  control  over  the  works  during  their  pro- 
gress, and  up  to  their  completion  and  acceptance,  and  it  is  but  just  that 
due  recognition  should  be  made  of  the  services  which  he,  a  civil 
engineer  by  profession,  so  ably  rendered  and  so  freely  gave. 
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iCr.HtnBii*w.  The  bottom  (stiff  blue  clay,  or  rook)  on  which  the  structure  rests, 
was  a  very  favorable  one  for  ooffer-danuning,  though  by  no  means  free 
from  difficulties.  It  would  seem  that  a  much  less  massiye  dam  would, 
if  not  necessary  for  protection  against  storms,  have  been  sufficient,  yet 
it  certainly  is  no  fault  that  every  precaution  was  taken  where  the 
safety  of  so  important  a  work  was  concerned. 

The  speaker  assumes  that  both  ends  of  the  dock  rest  on  solid  rock, 
and  the  middle  on  stiff  clay.  The  strain  on  the  walls  would  therefore 
be  similar  to  that  of  a  yielding  truss  and  settlement  in  the  wall  after 
being  finished  would  result  in  a  crack  at  the  bottom  narrowing  gradually 
to  nothing  as  it  rose.  The  only  evidence  of  its  existence  would  be  a 
depression  of  the  level  at  the  top  and  leakage ;  but  as  nothing  is  said  of 
the  former,  and  the  latter  is  stated  not  to  exist,  we  may  assume  that 
little,  if  any,  settlement  took  place  after  the  completion  of  the  wall. 

As  the  speaker  has  had  on  more  than  one  occasion  to  deal  with  tran- 
sition from  rock  to  other  material,  and  has  seen  one  serious  rent  in  a 
heavy  wall,  built  partly  on  rook  and  partly  on  a  solid  bank  of  natural 
gravel,  it  would  be  interesting  to  him  to  know  the  mode  of  building, 
which  was  adopted,  in  the  progress  of  works. 

He  imagines  that  the  lightness  of  concrete  compared  with  stone,  toge- 
ther with  the  saving  induced  by  its  arched  construction,  would  assist  in 
reducing  settlement,  but  that  a  still  greater  advantage  would  be  obtain- 
ed by  building  the  portion  over  the  clay  first  up  to  high  water  before 
connecting  with  the  rock. 

Mr.  E.  Mohun.  It  is  generally  admitted  that,  from  an  engineering  point  of  view,  the 
dock,  except  as  regards  its  size,  has  been  ably  desigoed  and  ably  exe- 
cuted. 

The  time,  from  the  date  of  the  first  contract  to  that  of  the  comple- 
tion of  the  works,  about  11}  years,  certainly  appears  to  be  in  excess  of 
that  which  might  be  considered  reasonable.  The  various  delays  incurred 
did  not,  however,  arise  from  any  failures  in  the  work,  but,  as  pointed 
out  by  the  author,  from  financial  and  other  difficulties  beyond  the  con- 
trol of  the  engineer. 

The  great  fault  in  the  dock  lies  in  its  sice, — 450  feet,  or  with  the 
caisson  at  the  outer  invert,  481  feet  long,  and  65  feet  wide. 

Since  the  completion  of  the  Canadian  Pacific  By.  has  opened  a  new 
route  to  Asiatic  and  Australasian  trade,  the  inference  vrould  appear  na- 
tural, if  we  wish  to  control  that  trade,  that  the  Pacific  steamship 
service  should  be  no  whit  inferior  to  that  of  the  best  Atlantic  lines.  It 
may  be  assumed  that  the  builders  of  the  fast  steamers,  crossing  the 
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latter  ocean,  are  proceeding  on  a  correct  principle  in  increasing  the  size 
«f  their  vessels  within  certain  limits,  which  limits  are  yet  apparently 
unknown. 

The  "  City  of  Rome,"  built  in  1881,  six  years  before  the  dock  was 
completed,  and,  indeed,  at  a  time  when  work  on  the  dock  itself  may  be 
said  to  have  only  just  commenced,  is  546  feet  long  with  52  feet  beam, 
-or  65  feet  longer  than  the  extreme  length  of  the  dock,  and  only  13  feet 
narrower  than  its  width.  Surely  this  dock  should  have  been  of  suffi- 
•cient  size  to  accommodate,  not  only  the  largest  ships  afloat,  but  also  to 
allow  for  a  possible  increase  of  size. 

If,  as  will  in  all  probability  be  the  case,  the  next  year  or  two  sees 
Pacific'steamships  of  equal  size  and  power  to  those  now  crossing  the 
Atlantic,  it  may  become  cause  for  regret  that  they  are  unable  to  obtain 
dockage  in  British  Territory  on  the  Pacific  coast,  no  matter  how  urgent 
their  requirements  may  be.  If  the  writer  remembers  correctly,  the 
desirability  of  extending  the  dock  was  repeatedly  pressed  upon  the  Gov- 
ernments while  the  work  was  under  construction. 

Mr.  Bennett  has  furnished  us  with  an  admirable  description  of  the 
completed  works,  and  apparently  did  not  encounter  any  engineering 
difficulties  worthy  of  special  mention. 

There  is  a  subject,  however^  which  has  evoked  no  little  interest  at 
previous  meetings,  and  on  which  the  author  must  possess  a  fund  of  use- 
ful information,  namely  concrete.  There  is  no  doubt  that  if  Mr.  Ben- 
nett would  supplement  his  paper  with  some  of  the  results  of  his  exper- 
ience, his  remarks  would  be  highly  appreciated. 

It  would  appear  from  the  bills  of  quantities  that  there  were  required 
in  the  construction  :— 

30,639  cubic  yards  of  concrete. 
6,556     *'         "  brickwork. 

109,887  cubic  feet  of  masonry. 

The  fact  that  the  dock  is  in  almost  continual  use,  and  that  in  some  Mr.  Summer- 
instances  vessels  are  awaiting  their  turn,  is  ample  proof  that  it  is 
■a  success.  As  with  all  other  works  of  a  public  character,  there  has  been 
the  usual  amount  of  criticism,  but  Mr.  Bennett  has  brought  the  work 
to  a  successful  issue,  and  is  therefore  entitled  to  much  of  the  merit 
attached  to  the  undertaking. 

The  folding  bridge  is  a  very  ingenious  arrangement.    It  enables  the  Mr.  Whited. 
;8pace  in  which  the  caisson  floats  to  be  bridged  over,  so  that  when  the 
<»iisson  is  drawn  back  the  bridge  is  under  it,  and  when  the  dock  is 
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oloeed  the  floor  of  the  bridge  comes  up  level  with  the  bridge  over  the 
opening,  and  therefore  there  is  nothing  to  impede  the  traffic. 

Mr,  izwin.  Is  there  not  some  mistake  in  the  statement  made  by  the  author  in 

regard  to  the  caisson  ?  If  the  lower  part  of  the  caisson  were  an  air- 
tight chamber  and  the  upper  part  half  full  of  water,  it  would  seem  as 
if  it  would  not  take  much  to  upset  it  on  starting  to  float  it  out 

Mr.  Whited.  With  reference  to  Mr.  Irwin's  remarks,  the  object  of  the  air-tight 
chamber  is  to  reduce  the  weight  on  the  rollers  to  a  minimum,  the  dis« 
placement  of  the  air-tight  chamber  being  about  equal  to  the  totsl 
weight  of  the  caisson  and  concrete  ballast.  The  upper  part  is  filled 
with  water  only  when  the  caisson  is  in  its  place,  it  is  then  prevented 
from  tipping  over  by  the  masonry.  At  that  time  the  valves  which 
drain  the  upper  part  of  the  caisson  are  left  open,  and  the  water  is  at 
the  same  level  inside  as  outside.  But  when  the  caisson  b  to  be  floated 
out  of  its  berth  these  valves  are  dosed  and  the  water  is  pumped  out. 

Mr.T.B.  Brown  From  a  commercial  standpoint  the  time  taken  to  empty  the  dock, 
which,  according  to  the  author's  paper  is  six  hours,  seems  long. 

In  more  recently  constructed  docks  the  question  of  the  time  taken 
in  filling  and  emptying  has  received  very  careful  consideration. 

At  the  Tyne  docks,  two  engines  will  pump  out  44,000  gallons  of 
water  per  minute,  and  the  new  Barry  dock,  which  can  be  divided, 
each  section  holding  about  16,000  tons,  may  be  emptied  in  an  hour. 

The  time  question  is  an  important  element  in  view  of  the  amount 
of  money  which  may  be  saved  in  getting  valuable  steamers  in  and 
out  of  the  dock  as  quickly  as  possible.  It  is  a  matter  worthy  of  the 
attention  of  dock  builders,  and  one  for  which  full  and  liberal  provisiou 
should  be  made. 

The  figures  just  given  show  what  has  been  already  done  in  thi» 
direction. 

Mr.  w.  B.  The  dimensions  of  the  Grravmg  Dock  were  fixed  by  the  Admiralty 

^^  ^'  to  accommodate  the  vessels  of  the  Pacific  Squadron.  At  that  time, 
however,  the  writer  considered  that  the  dock  would  be  too  short,  and 
too  deep  for  commercial  purposes,  and  therefore  recommended  to  the 
Chief  Commissioner  of  Lands  and  Works,  B.C.>  that  an  inner  graving 
dock  for  such  purposes  should  be  constructed,  whenever  the  expansion 
of  trade  demanded  it ;  the  entrance  for  such  inner  dock  to  be  ecu- 
structed  concurrent  with  the  Graving  Dock  main  works. 
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It  is,  therefore,  very  much  to  be  regretted  that  Mr.  Perley  should 
have  recommended  the  abandonment  of  the  inner  entrance  as  useless. 
If  deemed  advisable,  it  might  have  been  constructed  of  a  few  feet 
greater  width  and  depth  than  the  dimensions  shewn  in  the  original 
designs,  in  order  to  accommodate  the  largest  steamer  afloat. 

The  construction  of  this  inner  docic  could  have  been  proceeded  with 
at  any  time,  and  the  cost  would  have  been  exceedingly  small,  so  that  a 
large  percentage  of  profit  would  have  been  realized  from  such  an  under* 
taking. 

Provision  was  made  for  pumping  up  the  water  for  several  feet  in 
height  above  high  water,  so  that  vessels  in  the  inner  dock  could  be  placed 
on  high  keel  blocks,  giving  facilities  for  executing  repairs.  As  the 
second  entrance  would  have  separated  the  two  docks,  vessels  receiving 
extensive  repairs  in  the  upper  dock  would  be  undisturbed  by  the 
frequent  dockings  and  undockings  in  the  lower  dock,  for  such  pur- 
poses  as  scraping  and  painting. 

A  long  graving  dock,  divided  into  two  portions  by  a  caisson,  is 
regarded  by  most  dock  engineers  as  being  exceedingly  advantageous. 

In  the  case  of  the  Esquimalt  Graving  Dock,  this  unfortunately  can- 
not now  be  done,  except  at  great  cost,  owing  to  the  abandonment  of  the 
inner  entrance  works  at  the  head  of  the  dock. 

In  regard  to  the  use  of  Portland  Cement  brickwork  for  the  inverts, 
culverts,  and  pump  wells,  shewn  in  the  original  designs,  it  may  be 
stated  that  this  is  the  general  practice  of  English  Engineers,  and  long 
experience  has  shewn,  that  wherever  excellent  work  is  required,  no 
better  materials  can  be  used  for  the  purpose.  Of  course  good  bricks 
and  workmanship  are  necessary,  and  if  such  cannot  be  obtained  good 
results  need  not  be  expected. 

At  the  time  the  Dominion  Government  agreed  to  find  means  for  the 
completion  of  the  works,  the  coffer-dam  had  been  completed  several 
years,  the  pumping  machinery,  hauling  gear  for  caisson,  boilers,  etc., 
were  lying  in  the  store  ready  for  erection,  the  excavations  of  the  main 
works  were  completed  or  nearly  so,  and  the  foundation  and  other  works 
well  advanced. 

With  reference  to  the  remarks  by  Mr.  Kinipple,  the  dimensions  of  the  Mr.  Perley^ 
dock  at  Esquimalt  were  fixed  in  1877,  and  it  was  not  then  foreseen  that, 
with  the  completion  of  the  Canadian  Pacific  Bailway,  an  entire  revolu^* 
tion  in  the  carrying  trade  in  the  Pacific  to  British  Columbia  would  take 

NOTS.  'Mr.  Kinlpple'B  remarks  have  been  abridged  where  shewn  by  asterisks. 
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place  ;  and  instead  of  H.  M.  Ships  bebg  considered  as  the  largest  class 
of  vessels  to  be  accommodated,  the  large  steamers  pljing  to  Japan,  China 
and  Australia  would  have  to  be  provided  for,  and  it  is  simply  for  their 
accommodation  that  an  additional  length  of  dock  will  be  required. 

When  discussing  the  question  of  greater  length  with  Sir  Michael 
Gubne  Seymour,  the  Admiral  Commanding  the  Pacific  Squadron,  the 
writer  was  assured,  that  for  all  the  purposes  of  H.  M.  vessels  the 
dock  as  it  stands  was  long  enough,  but  that  for  the  merchant  steamers 
of  the  present  day  it  was  too  short,  and  that  such  is  the  fact  is  proved 
by  the  dimensions  of  the  steamers  proposed  by  the  Canadian  Pacific 
Railway  Company. 

For  want  of  room  an  inner  dock  could  not  be  built,  and  a  further 
length  of  100  feet,  as  suggested,  is  all  that  b  required,  and  the  question 
of  a  double  dock  need  not  be  discussed. 


Mr.  Bennett. 


In  reply  to  Mr.  Henshaw,  the  author  is  of  opinion  that  had  the  coffer 
dam  beeo  of  less  solid  construction  than  it  was,  it  would  have  gone  to 
pieces  long  before  the  dock  was  completed.     This  would  have  been  due 
principally  to  the  ravages  of  the  sea  worms,  which  in  those  waters  are 
most  destructive,  and  also  to  natural  decay. 

When  the  coffer-dam  was  commenced  it  was  confidently  hoped  that 
the  dock  would  have  been  opened  within  four  years,  but  as  a  matter  of 
fact,  from  various  causes,  it  was  not  opened  until  the  expiration  of 
eleven  years.  The  wonder  is  that  the  dam  remained  effective  for  so 
long  a  period. 

As  regards  the  foundation,  the  entrance  works  and  first  portion  of 
the  dock  were  founded  on  clay,  the  remainder  and  the  head  on  rock. 
The  harbor  quay  walls  at  the  entrance  were  founded  on  clay  with  their 
shore  ends  on  rock. 

The  author  is  not  aware  of  any  settlement  of  the  dock  side  walls  to 
any  appreciable  extent,  but  there  is  a  small  amount  of  leakage  in  the 
floor  of  the  dock  at  its  upper  end,  which  leak  developed  itself  after  the 
removal  of  the  coffer-dam.  The  water,  it  is  sup^sed,  finds  its  way 
through  some  fissure  in  the  rock,  which  is  of  trap  formation,  and  very 
seamy,  under  the  western  quay  wall,  IbUowing  such  seam  up  the  dock 
some  300  feet  before  finding  its  egress.  The  floor  of  the  dock  is  in  no 
way  flooded  by  the  leak  as  when  the  dock  b  pumped  out  the  water 
runs  down  the  side  gutters  which  convey  it  to  the  sump  hole. 

KoTB..*Mr.  Perley'B  remarks  have  been  abridged  where  shewn  by  asterisks. 
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The  author  deplores  with  Mr.  Mohan  that  an  extra  hundred  feet  was 
not  added  to  the  length  of  the  dock  before  the  circular  head,  timber 
slides  and  stairways  were  commenced.  The  extension  would  scarcely 
have  delayed  the  opening  of  the  dock  at  all,  but  to  extend  the  dock  at 
41  future  date  will  be  an  expensive  work,  and  will  involye  the  extra  cost 
of  pulling  down  and  rebuilding  about  80  or  90  feet  of  the  upper  end. 

The  author  is  sorry  in  having  to  join  issue  with  Mr.  Perley  in  his 
statement  that  the  progress  of  the  work  was  delayed  for  the  want  of 
oement  during  the  time  McNamee  &  Co.  were  contractors  for  the  dock. 
Want  of  this  material  had  nothiDg  whatever  to  do  with  the  stoppage  of 
the  works  then  or  at  any  other  time. 

The  dock  as  designed  by  Messrs.  Einipple  &  Morris,  380  ft.  in  length 
•on  the  blocks,  met  with  the  entire  approval  of  the  Admiralty.  The 
second  entrance  at  head  was  introduced,  the  writer  is  informed,  at  the 
express  wish  of  the  Chief  Commissioner  of  Lands  and  Works  of 
British  Columbia  in  case  a  future  extension  might  be  decided  upon. 

It  would  have  been  very  desirable  to  have  had  the  pump  wells  and 
culverts  built  of  stone,  if  expense  had  been  no  object,  the  best  of 
bricks  as  manufactured  in  the  Province  being  hardly  what  one  could 
call  first  rate  in  quality. 

The  12-inoh  centrifugal  pump  referred  to  was  part  of  the  contractor's 
plant,  and  was  taken  over  by  the  government  on  completion  of  th^ 
works  and  erected  so  as  to  act  as  an  auxiliary  and  be  available  in  case 
of  an  accident  to  the  main  pumps,  steam  for  the  same  beings  supplied 
by  the  main  boilers. 

The  author  is  gratified  to  hear  from  Mr.  Perley  and  from  Mr. 
Summerfield  that  the  dock  is  in  such  request  that  ships  have  to  wait 
their  turn  to  be  docked,  as  this  verifies  the  opinion  the  author  always 
held  that  the  Province  in  selling  the  dock  to  the  Dominion  (Government 
was  getting  rid  of  a  most  valuable  asset. 

The  author  regrets  that  he  seems  to  have  understated  the  total  cost 
of  the  docks.  Aa  far  as  he  knew  when  he  left  Esquimalt,  the.  outlay 
bad  been  about  £180,000  sterling,  which  is  to  say  in  round  numbers 
nine  hundred  thousand  dollars  and  not  $800,000,  as  mentioned  in  Mr. 
Perley's  remarks,  but  even  this  latter  sum  would,  in  the  author's  opi- 
nion, have  been  amply  sufficient  to  have  brought  the  work  to  a  success- 
ful issue  had  it  been  finished  outright  from  the  start,  and  this  notwith- 
standing the  notoriously  high  rates  paid  for  all  class  of  labor  and  the 
heavy  Customs*  charges  on  all  European  and  American  material. 

The  author  regrets  the  unintentional  omission,  so  kindly  and  justly 
pointed  out  by  Mr.  Perley,  of  any  reference  to  Sir  Joseph  W.  Trutoh, 
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E.O.M.O.,  in  hiB  oonneotion  with  the  Esquimalt  Gkaving  Dock  as  agent 
of  the  Dombion  Qoyemment  in  British  Columbia^  to  whose  good  advioe 
and  judgment  the  author  wishes  here  to  state  he  has  often  been 
indebted  in  overcoming  many  difficulties  that  arose  from  time  to  time 
during  construction,  and  who  was  ready  and  willing  at  any  time  to 
give  his  personal  attendance  on  the  works  whenever  the  occasion 
demanded. 

For  another  sin  of  omission  the  author  wishes  further  to  apologise 
for  neglecting  to  mention  the  names  of  the  Honorables  G.  A.  Walkem, 
A.  de  Cosmos,  A.  C.  Eliot,  F.  G.  Vernon,  E.  Beaven  and  W.  Smithe, 
who  one  and  all  m  their  places  as  Ministers  of  the  Crown  in  the  Pro- 
vince of  British  Columbia,  at  various  times  up  to  August,  1883,  did 
their  utmost  to  further  the  progress  of  the  dock. 

Mr.  Irwin  seems  to  have  failed  to  notice  that  the  caisson  was  bal- 
lasted with  upwards  of  180  tons  of  cement  concrete,  which  fact,  how- 
ever, Mr.  Whited  was  good  enough  to  point  out. 

With  reference  to  Mr.  Brown's  remarks  the  author  would  merely 
mention  that  the  pumps  were  designed  for  the  dock  as  long  ago  as  18*75, 
and  in  fact  sent  to  British  Columbia  in  1876,  and  that  since  that  date 
vast  improvements  in  pumping  machinery  have  been  effected. 


Thursday,  23rd  May. 
E.  P.  HANNAPORD,  Vice-President,  in  the  Chair. 

The  following  candidates  having  been  balloted  for  were  declared  daly 
elected  as 

HoNOBABY  Members. 
Sib  Fbedesiok  Jobeph  Bramwell,  D.C.L.,  F.R.S. 
Sir  William  Thomsok,  F.R.SS.  L.  akdE.,  LL.D, 

Members. 

Adolphus  Bonzano.  Budolph  Herikg. 

Edmond  Bonnor  Temple. 

Associate  Membebs. 
J.  0.  Alfred  Laforest.  David  Alfred  Starr. 

Associate. 
Sir  Donald  A.  Smith,  K.C.M.G. 

Student. 
Ernest  Pasooe  Goodwin. 

The  following  has  been  tranferred  from  the  class  of  Associates  to  that 
of  Associate  Members. 

James  White. 


The  discussion  on  the  paper  on  the  Esquimalt  Graving  Dock  Works, 
British  Columbia,  by  W.  Bennett,  occupied  the  evening. 


Thursday,  24th  Jannary. 

F.  E.  F.  Brown,  Member  of  Council,  io  Uie  Chair. 
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LOCOMOTIVE  CONSTRUCTION. 

By  J.  P.  TuPLiN.  Stdd.Can.Sgc.CB. 

Though  locomotive  building  has  long  ceased  to  be  considered  an  art,, 
yet  it  requires  the  utmost  attention  in  respect  to  general  design,  con- 
struction, and  the  selection  of  the  materials ;  and  for  this  reason  all. 
the  principal  parts  should  be  made  according  to  accurate  drawings, 
templates  and  gauges,  in  their  respective  departments,  before  being 
taken  to  the  erecting  shop  and  there  united.  To  persons  who  have 
never  been  engaged  in  locomotive  building,  it  may  seem  to  be  a  com- 
paratively easy  matter  to  construct  an  engine,  when  all  the  parts  have 
been  forged  and  machined  ]  but  experience  teaches  that  a  considerable 
amount  of  chipping,  etc.,  is  required.  A  great  deal  of  work,  such  as 
drilling,  for  instance,  is  also  needed,  and  this  cannot  be  performed 
until  the  part  is  placed  in  its  proper  position,  and  consequently  has  to 
be  performed  by  the  hand  ratchet. 

Since  the  frame  is  the  foundation  of  the  locomotive,  it  will  be  con- 
sidered first.  It  is  generally  made  of  wrought  iron,  being  forged 
under  the  steam  hammer  and  finished  by  the  smith.  The  pedestals  are 
welded  to  the  top  bar  of  the  frame  by  what  is  termed  a  ''  Split  Scarf," 
and  when  the  braces  are  welded  between  the  pedestals,  a  process  called 
''  V-ing  is  employed.  After  these  processes  the  frame  is  straightened 
and  made  to  fit  the  template  as  accurately  as  possible.  It  is  then  taken 
to  the  machine  shop,  there  machined  and  drilled,  and  then  removed 
to  the  erecting  shop. 

The  boiler  is  the  most  important  part  of  the  locomotive,  and  the  use- 
ful effects  of  the  machine  depend  to  a  large  extent  on  its  strength  and 
efficiency.  The  essential  features  of  locomotive  boilers  are  dictated  by 
the  duties  which  they  have  to  perform  under  peculiar  conditions.  The 
sise  and  weight  are  limited  by  the  facts  that  the  boiler  has  to  be  trans- 
ported rapidly  from  pkoe  to  place,  and  also  that  it  has  to  fit  in  between 
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the  frames  of  tlie  looomotiye ;  while,  at  the  same  time,  the  pressure  of 
the  steam  has  to  be  great,  in  order  that  with  comparatively  small 
cjlinders,  the  engine  may  develop  great  power.  A  large  quantity  of 
ooal  has  to  be  burnt  on  a  firegrate  of  limited  area ;  and  in  order  to 
utiliBe  advantageously  the  heat  generated,  the  smoke  and  gases  of  com- 
bustion are  passed  through  a  large  number  of  tubes  of  2"  outside 
diameter,  around  which  the  water  circulates. 

Wrought  iron  has  until  lately  been  the  principal  metal  used  in  the 
construction  of  boilers,  but  it  is  now  being  rapidly  superseded  by  mild 
steel,  the  thickness  of  which  is  ^"  to  i"  less  than  wrought  iron. 
When  iron  is  employed,  the  plates  are  generally  }"  in.  thick,  and  th& 
joints  lap  joints.  Butt  joints,  with  a  wider  welt  on  the  inside  of  the 
boiler  than  on  the  outside,  are  now  being  satisfactorily  used  for  the  lon« 
gitudinal  seams  on  some  roads.  In  lap  joints,  the  tendency  is  to  opeor 
at  the  edges,  which  are  therefore  liable  to  become  leaky,  and  there  is 
also  more  corrosion  than  in  butt  ri vetted  joints. 

Regarding  the  boiler  as  a  cylinder  with  flat  ends,  the  greatest  straia 
&lls  necessarily  upon  the  longitudinal  seams,  and  the  least  upon  the 
curvilinear  seams,  at  and  between  the  ends  of  the  boiler.  The  longi- 
tudinal seams  are  therefore  double  rivetted,  while  the  curvilinear 
seams,  which  bear  only  half  the  strain  that  is  upon  the  others,  are  only 
single  rivetted. 

Rivet  holes  are  generally  made  by  punching.  This  rough  process  ia 
objectionable  for  two  reasons  : — (1)  The  spacing  of  the  holes  is  not  per- 
fectly accurate ;  (2)  the  metal  around  the  hole  is  more  or  less  injured 
by  the  compression  and  lateral  flow  of  the  material  at  the  moment  of 
punching. 

With  very  soft  ductile  plates,  the  injury  done  in  punching  is  com. 
paratively  small  if  the  pxuch  is  sharp ;  but  with  rigid  plates  the  injury 
is  apparently  serious,  the  plates  being  weakened  15  to  30  per  cent. 
The  injury  is  due,  not  to  cracks  formed  in  the  plate,  but  to  the  pres- 
sure straining  it  beyond  its  limit  of  elasticity,  and  thus  altering  it& 
homogenous  character.  The  latter  difficulty  may  be  overcome  by 
reaming  ^q"  from  the  inside  of  the  hole,  which  is  then  nearly  equivalent 
to  a  drilled  hole. 

In  the  process  of  punching,  through  the  ignorance  or  neglect  of  the 
workmen,  the  holes  sometimes  do  not  come  opposite  one  another  by  one 
quarter  of  their  diameter,  and  are  then  **  driflted  "  until  the  sheet  is 
fractured  and  the  material  partly  destroyed.  The  use  of  drit\»,  although 
considered  indispensable  by  many  boiler  makers,  is  productive  of 
great  evils.     The  result  is  that  when  the  rivets  are  driven  in,  it  is 
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almost  impossible  to  make  them  fill  the  holes ;  and  oonsequently  an  un- 
due strain  will  come  upon  some  of  the  rivets,  while  upon  others  there 
will  be  very  little  strain.  To  obviate  the  objections  to  punching,  the 
holes  are  sometimes  drilled.  This  process  is  in  most  cases  more  ex- 
pensive than  punching,  but  the  holes  are  more  accurate  in  size  and 
spacing.  On  the  other  hand,  the  bharp  square  edge  of  a  drilled  hole 
appears  to  be  unfavorable  to  the  resistance  of  the  rivet.  It  has  been 
proved  by  experiment,  that  the  resistance  of  the  rivet  is  slightly  in- 
•creased  by  rounding  the  edges  of  the  rivet  hole. 

The  rivetting  is  done  either  by  hand  or  by  a  machine.  In  the  pro- 
cess of  hand  rivetting,  the  heads  of  the  rivets  are  rarely  finished  till  the 
iron  is  cool  enough  to  crack  under  the  head  by  the  heavy  blows  of  the 
hammer,  and  sometimes  where  good  iron  is  not  used  the  head  will  snap 
ofif.  This  is  not  the  case  with  machine  rivetting.  Since  the  piston  is 
not  limited  in  its  movements,  it  will  follow  the  rivet  home,  drawing  the 
plates  well  together,  filling  the  holes,  and  making  a  thoroughly  good 
joint.  The  iron  of  the  rivet  is  given  no  time  to  cool  by  contact  with  the 
sheet,  before  it  is  forced  into  every  crevice,  and  the  hole  completely 
filled.  There  is  greater  friction  between  the  sheets  at  the  joint, 
and  consequently  the  shearing  strain  on  the  rivets  is  less  in  machine 
rivetted  joints  than  in  those  rivetted  by  hand. 

The  locomotive  to  be  considered  is  that  known  as  the  American  type, 
in  which  there  are  four  fianged  driving  wheels,  and  a  four-wheeled 
truck,  and  in  which  the  fire-box  extends  downward  between  the  &ont 
and  trailing  driving  axles.  It  will  now  be  assumed  that  the  parts  are 
all  ready  to  be  put  together. 

The  fitter  receives  the  frame  from  the  machine  shop  in  four  principal 
parts,  a  rcari^ard  and  a  forward  part  for  each  side.  These  are  placed 
over  and  parallel  with  the  rails,  on  '^  double  jacks,''  which  stretch 
across  the  pit.  The  edges  of  the  pieces  are  then  slightly  rounded  with 
an  old  file  and  the  tapping  holes  tapped.  The  rearward  parts  are  now 
turned  upper  side  down,  so  that  the  bearings  for  the  guard  stays  may  be 
faced  up.  When  this  is  done,  the  guard  stays  are  fitted  with  red  lead, 
and  when  ready  temporarily  fastened  down,  the  holes  for  the  driving 
bolts  rosebitted,  and  the  required  studs  screwed  up.  At  the  same  time 
the  joint  of  the  back  and  front  pieces  may  have  been  fitted.  This  joint 
requires  to  be  an  excellent  fit,  and  is  therefore  filed  carefully  until  red 
lead  shows  a  good  bearing.  The  ^mes  are  now  turned  back  to  their 
proper  position,  the  holes  for  the  splice  bolts  rose-bitted,  and  the  splice- 
bolts  cautiously  driven  up  with  a  fiogging  hammer  and  a  set.  These  bolts 
are  all  to  be  a  hard  driving  fit ;  there  are  five  of  them  in  each  splice,  each 
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<me  inch  in  diameter,  and  they  are  provided  with  jam  nuts.  Each  side 
being  now  virtually  one  piece,  temporary  tie-bars  are  pat  a  cross  from  side 
to  side.  These  hold  the  frames  loosely,  giving  abo  at  an  eighth  of  an  inch 
play,  OT^/'on  each  side.  The  keys  in  the  splices  may  be  pat  in  their 
places  at  any  convenient  time.  These  keys  enter  key-ways  whose  sides 
are  parallel,  and  their  action  is  to  relieve  the  splice-bolts  of  the  tendency 
they  have  to  shear.  They  are  made  of  good  wroaght-iron,  and  there 
are  two  of  them  to  each  splice.  To  fit  a  key,  first  calliper  the  height  of  the 
key- way, and  grind  the  key  so  that  its  thickness  will  be  aboat  ^"  less  than 
the  height  of  the  key  way.  These  sides,  i.e.,  top  and  bottom  of  the  key, 
must  be  parallel ;  for  if  the  key  were  tapered  in  this  direction,  it  would 
tend  to  separate  the  splice-joint,  and  so  throw  a  strain  on  the  splice  bolts^ 
which  might  break  their  threads.  The  sides  of  the  key  should  have  a 
very  slight  taper,  and  should  be  fitted  so  that  the  small  end  of  the  key 
should  barely  enter  the  key-way.  The  key  is  driven  in  with  a  flogging 
hammer  and  set,  and  the  ends  chipped  neatly  and  filed  down.  All 
through  the  work  in  the  splice,  everything  should  be  a  driving  fit,  and 
in  fact  the  same  applies  to  nearly  all  work  on  the  frames.  We  are  now 
ready  for  the  foot  plate,  which  is  lowered  by  the  traveller  into  its  place 
at  the  rear  end  of  the  frame.  Here  the  two  sides  pieces  of  the  frame 
are  accurately  placed  in  correct  position  with  regard  to  one  another. 

Their  top  surfaces  are  placed  in  the  same  horizontal  plane,  by  means 
of  a  spirit-level  and  the  jacks  on  which  they  rest.  The  planes  of  the 
first  and  third  horns  are  perpendicular  to  this  plane.  Find  the  lines 
in  which  the  planes  of  the  horns  and  that  of  the  upper  surface  of  the 
frame  intersect,  and  scribe  them.  Take  a  point  at  a  distance  of  about 
an  inch  from  the  inside  surface  of  the  fr^me,  on  each  of  those  four 
lines,  and  make  light  centre  punch  marks.  With  the  beam  compasses, 
try  whether  the  two  points  on  each  side  of  the  frume  are  the  same 
distance  apart.  If  they  are  not,  there  must  be  some  error  in  the  mark- 
ing out,  if  the  machining  is  done  correctly,  which  has  been  taken 
for  granted.  Rectify  the  mistake,  until  the  distances  are  found  to  be  the 
same,  ^ow  try  the  distance  of  the  four  points  diagonally,  and  if  they 
are  not  equal,  one  of  the  sides  must  be  moved  back  or  forward,  as  the 
case  may  be,  until  the  distances  are  the  same.  The  frame  is  now 
perfectly  square,  clamp  the  foot-plate  to  the  frame,  rose-bit  the  holes, 
and  bolt  the  plate  securely  to  the  frame,  generally  with  seven-eighth 
inch  bolts  in  this  operation.  The  front  ends  of  the  frame  are  rested 
on  jacks  to  support  the  saddle  casting  which  has  now  to  be  dealt  with. 
It  is  lowered  into  place  upon  the  front  of  the  frame,  fitting  into  a  sort 
of  slot  on  each  side,  and  is  pushed  as  far  back  as  possible.     It  should 
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fit  close  up  against  the  frame  at  the  hack ;  hnt  if  it  hears  on  one  side 
only,  the  end  of  that  slot  on  which  it  hears  must  he  chipped  and  filed  until 
it  hears  properly  on  hoth  sides.     Drive  a  couple  of  flat  chisels  hetween 
the  front  ends  of  the  slots  and  the  saddle  casting  to  tighten  it  hack,  and 
rose-hit  the  holes  from  underneath.     These  holes  go  through  the  frame 
and  the  casting.     Lower  the  cylinder  castings  into  position,  and  tem- 
porarily holt  them  down.     To  find  if  the  cylinders  are  "  in  Ztn«/' 
fasten  a  string  in  the  centre  of  the  forward  end  of  the  cylinder.     Go  to 
the  hack  of  the  frame,  and  fasten  the  other  end  of  the  string  to  a  rod  of 
iron,  projecting  from  the  side  of  the  frame,  so  that  the  string  may  he 
horizontal.     Now  shift  the  string  at  the  hack  end  of  the  frame  until  it 
passes  exactly  through  the  hack  end  of  the  cylinder,  which  may  he 
shown  hy  means  of  a  pair  of  callipers.     This  string  also  passes  through 
the  centre  of  the  front  end  of  the  cylinder,  therefore  it  passes  along  the 
axis  of  the  cylinder  here.     Now   take  the  distances  of  the  string 
from  the  frame  at  the  cylinder  mouth,  at  the  middle  of  the  frame,' 
and  at  the  hack  end  of  the  frame.     If  these  distances  do  not  differ 
more  than  -^^  the   cylinder    is   accurate   enough    for  all    practical 
purposes,  hut  if  the  difference  is  greater  than  this  the  cylinder  casting 
will  have   to  he   taken  down,    and   some  of  the  metal   filed  from 
the    end    which    throws    the   line    farthest  from   the  frame.     This 
operation  is  repeated  until  the  axis  of  the  cylinder  and  the  plane  of 
the  side  of  the  frame  are  parallel.     The  cylinder  is  now  strongly  and 
tightly  holted  to  the  saddle  casting  with  temporary  holts.     The  next 
operation  is  to  find  if  the  valve  seat  is  horizontal.     If  the  spirit-level 
shows  that  one  end  of  the  valve  seat  is  higher  than  the  other,  it  must 
he  lowered,  and  chipped  or  filed  on  the  places  which  raise  it  out  of  the 
horizontal,  until  it  is  found,  hy  trying  it  up,  that  the  surface  is  perfectly 
horizontal    Now  rose-hit  all  the  holes  in  the  cylinder  casting,  drive  in 
the  holts  and  nut  them.     Each  cylinder  is  holted  to  the  frame  and 
also  to  the  flange  of  the  saddle  casting,  hy  six  one-inch  holts.     The 
cylinders  are  also   each  holted  to  the  saddles  hy  ten  one-inch  holts. 
Two  keys  are  now  driven  in  hetween  the  front  of  the  saddle  casting 
and  the  slot  in  the  frame.     These  keys  are  made  wider  at  the  hottom 
than  at  the  top,  so  as  to  prevent  them  from  working  up,  and  have  no 
taper  in  their  length. 

The  horn  hlocks  which  form  the  wearing  surfaces  for  the  axle-boxes 
may  now  he  fitted  at  any  convenient  time.  The  inside  faces  of  the 
horn  hlocks  are  filed  and  fitted  with  red  lead  to  the  horns,  and  the 
faces  are  levelled  up  hy  means  of  a  surface  plate,  so  as  to  he  in  the 
same  plane.    Lay  a  straight  edge  across  their  faces,  and  if  it  hears 
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evenly  along  them  they  are  correct.  If  it  does  not  bear  evenly,  the 
surfaces  will  have  to  be  filed  until  the  straight  edge  shows  them  to  be 
all  right.  They  are  then  fitted  to  the  axle  boxes,  after  which  they  are 
bolted  up  with  countersunk  bolts,  one  in  each.  The  third  pair  are 
fitted  in  the  same  way.  The  wedges,  i,  e.,  the  second  and  fourth  pair, 
are  also  fitted  in  a  similiar  manner ;  each  is  then  fitted  so  that  its  face  is 
parallel  to  that  of  its  fellow  block.  The  frame  proper  is  now  complete, 
and  ready  to  have  the  boiler  lowered  into  position.  Pieces  of  timber 
and  wedges  are  now  laid  across  the  pit,  and  the  boiler  is  lowered  by 
the  traveller,  until  the  fire-box  rests  upon  these,  and  the  smoke-box  upon 
the  saddle  casting,  the  face  sheet  being  about  one  and  a  half  inches  from 
the  front  of  the  foot  plate.  The  wedges  upon  which  the  fire-box  rests 
are  so  adjusted  as  to  make  the  axis  of  the  cylindrical  portion  of  the 
boiler  horizontal.  It  is  very  important  that  the  smoke-box  should 
bear  on  both  the  front  and  back  flanges  of  the  saddle  casting,  and  also 
that  the  axis  of  the  boiler  should  be  horizontal,  taken  in  its  required 
position.  To  insure  these  requirements,  measure  the  distance  from 
the  top  of  the  frame  to  the  centre  line  of  the  boiler.  Chalk  the  outside 
of  the  flanges  of  the  saddle  casting,  and  taking  this  distance  on  a  pair 
of  dividers,  scribe  lines  along  each  of  these  flanges,  carefiilly  keeping 
one  leg  of  the  dividers  constantly  touching  the  smoke-box.  These  lines 
will  show  the  amount  which  has  to  be  chipped  off  the  casting.  The 
front  of  the  boiler  is  now  lifted  up  to  allow  the  chipping  to  be  done,  and 
as  soon  as  the  metal  has  been  chipped  down  to  the  lines,  a  thin  layer  of 
red-lead  putty  is  spread  over  the  chipped  surface,  upon  which  the 
smoke-box  is  to  rest,  and  the  boiler  is  again  lowered  till  the  smoke-box 
rests  upon  the  saddle.  The  wedges  are  now  so  adjusted  behind,  that 
the  boiler  sits  in  its  required  position.  The  next  process  is  to  secure  the 
boiler  at  the  back.  This  is  done  by  means  of  six  expansion  brackets 
on  each  side,  four  on  the  upper,  and  two  on  the  lower  bar  of  the  frame. 
They  are  fastened  to  the  fire-box  by  seven-eighth  studs,  screwed  into  the 
firebox,  and  nuts.  Holes  are  now  drilled  through  the  smoke-box  to 
correspond  with  the  holes  in  the  saddle,  and  the  former  is  bolted  to  the 
latter  by  sixteen  one-inch  bolts.  The  boiler  is  now  perfectly  secure. 
There  are  two  tie  bars  which  cross  from  frame  to  frame,  one  in  front 
of  and  the  other  behind  the  front  axle-box.  These  are  placed  there  to 
keep  the  frames  at  a  fixed  distance  from  one  another  in  the  middle, 
just  as  the  foot  plate  and  the  saddle  do  at  either  end.  They  have  slots 
cut  in  them  so  as  to  fit  ^down  over  the  frames,  and  are  fastened  down 
by  means  of  two  one-inch  studs  in  each  end.  These  studs  are  jam- 
nutted.      We  are  now    ready  to  put  up  the  motion  plate  which  is 
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attached  to  the  firame  hy  two  angle  irons.  Place  these  angle  irons  on 
the  frame,  one  on  each  side,  drive  in  the  bolts,  and  screw  them  up  tight. 
Try  the  other  surfaces  with  a  square  to  see  if  they  stand  exactly 
perpendicular  to  the  frame.  If  either  is  out  at  the  top  or  bottom,  it 
will  have  to  be  filed  until  the  square  bears  all  the  way  up.  Clamp  the 
motion  plate  to  these  angle  irons,  and  if  the  holes  do  not  come  exactly 
opposite  in  each,  run  a  rose-bit  through  them,  drive  in  the  bolts,  and 
screw  them  up  tight.  Now  see  that  the  slots  in  the  bottoms  of  the 
rocker-boxes  will  fit  down  over  the  frames,  and  when  ready,  bolt  them  to 
the  frames  in  their  correct  position  by  means  of  driving  bolts.  These 
boxes  need  to  be  adjusted  with  a  great  deal  of  accuracy,  as  any  slight 
divergence  of  the  rockers  from  correct  lines  would  derange  the  whole 
valve  gear.  The  bearings  for  the  reverse  shaft,  one  being  placed  upon 
each  end  of  the  shaft,  are  now  clamped  to  the  frame  in  their  respective 
positions,  and  after  the  holes  are  rose-bitted  are  secured  firmly  to  it  by 
driving  bolts  provided  with  jam  nuts. 

The  brasses,  if  not  in  position,  may  now  be  screwed  into  their 
respective  apertures.  Three  "  try-cocks,"  two  gauge-glass  cocks,  and 
a  steam  gauge  cock  are  screwed  into  the  face  sheet.  Two  tallow- 
pipe  valves  and  a  large  double  valve,  which  supplies  steam  to  the  injec- 
tors, are  screwed  into  the  top  of  the  boiler,  where  it  extends  into  the  cab, 
and  a  check-valve  is  screwed  .into  the  barrel  of  the  boiler  on  each  side, 
about  two  feet  from  the  front  ^tube  sheet.  The  mud  plugs  are  also 
screwed  into  their  places. 

The  next  operation  is  to  introduce  the  steam  pipes.  Before  putting 
them  in,  however,  the  joints  which  they  make  with  the  T  pipe  and  the 
saddle  casting  have  to  be  ^^ ground  in."  To  render  each  joint  steam- 
tight,  two  brass  rings  flat  on  one  side,  the  other  forming  part  of  the 
Borfaoe  of  a  hemisphere,  are^  placed  between  the  end  of  the  steam  pipe 
and  the  T  pipe  or  saddle  casting.  Thus  a  sort  of  ball  and  socket 
joint  is  formed,  the  flanges  of  the  pipes  being  secured  by  bolts.  Each 
ring  has  its  concave  surface  ground  to  the  socket  in  the  part  to  which 
it  has  to  fit.  The  flat  surfaces  of  these  rings  are  scraped  and  tried 
upon  a  surface  plate.  The  grinding  material  which  is  used  is  a 
mixture  of  oil  and  emery.  To  grind  in  a  ring,  cut  a  block  of  wood  to 
a  oircular  shape,  the  diameter  of  which  shall  be  a  fraction  larger 
than  the  internal  diameter  of  the  ring,'  and  nail  a  narrow  strip 
of  wood  across  this  to  form  two  handles.  Now  drive  this  block 
inside  of  the  ring,  and  rub  the  surfaces  of  the  ring  and  the  socket 
with  the  oil  and  emery.  Revolve  the  ring  backward  and  forward 
f^  number  of  times,  remove  it,  and  again  spread  the  oil  and  emery 
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evenly  over  the  snrfaoes;  revolve  the  ring  as  before,  then  torn  it 
through  half  a  revolution,  and  repeat  the  operation  until  the  two  sur- 
faces touch  all  the  way  round.  All  the  steam  pipe  joints  are  ground 
in  this  way,  after  which  the  pipes  are  put  up  in  their  places,  the  rings 
after  having  been  thinly  coated  with  black  varnish  are  inserted  in  their 
places,  and  pipes  secured  firmly  by  bolts.  The  exhaust  nozzles  and  steam 
pipes  are  then  bolted  to  their  respective  places.  The  edge  of  the  fire-hole 
is  next  chipped,  and  tried  up  with  a  wooden  face-plate  nntil  it  shows  a 
pretty  good  bearing  surface ;  after  which  the  fire-door  is  secured  to  its 
place,  being  fastened  to  the  boiler  by  a  hinge.  The  running  board 
brackets  are  also  secured  to  the  boiler  each  by  two  studs.  We  are  now 
ready  to  put  up  the  spring  gear ;  but  before  doing  so,  it  is  always 
advisable  to  fit  the  several  parts  together,  so  as  to  prevent  any  delay 
when  once  the  work  is  started.  The  cotters  must  be  tried  in  their 
respective  places,  and  the  brackets  in  the  springs.  The  fulcrum  is 
then  placed  in  its  proper  position  on  the  top  of  the  frame,  the  holes 
which  go  through  it  and  the  top  bar  of  the  frame  rosebitted,  and  the 
bolts  driven  in  from  below  and  tightened  up.  There  are  generally  four 
bolts  in  each  of  these  fulcra,  varying  from  one  inch  to  one  and 
one-eighth  inches  diameter,  and  they  must  be  a  good  driving  fit.  The 
saddles,  which  have  previously  been  fitted  to  the  tops  of  their  respective 
axle-boxes,  are  now  placed  upon  the  frame  in  their  respective  positions, 
corresponding  to  the  position  of  their  axle-boxes.  These  saddles  are 
made  of  cast  iron,  and  are  four  in  number.  A  spring  is  now  placed  upon 
each  of  these,  the  brackets  are  put  up  and  secured  by  cotters.  The 
equalizing  levers  are  also  put  up  and  secured  to  the  ends  of  the  springs. 
The  fulcrum  goes  through  the  equalizing  lever,  and  the  latter  is  prevented 
from  rising  by  means  of  a  cotter  which  goes  transversely  through  the 
fulcrum.  The  lever  is  next  drawn  down  so  as  to  allow  the  cotter 
to  be  inserted  in  its  place.  This  generally  requires  a  good  deal 
of  power,  as  the  springs  have  to  be  straightened  a  little  in  the  operation. 
A  hook  of  heavy  iron  is  placed  over  each  end  of  the  equalizing  lever 
near  the  ends,  in  the  other  end  of  which  is  an  eye.  Into  each  of  these 
eyes  large  crow-bars  are  inserted,  and  by  pushing  them  under  the  top 
bar  of  the  frame  a  certain  leverage  is  obtained.  Three  or  four  men  now 
put  their  weight  upon  the  other  ends  of  each  of  these  bars  at  the  same 
time,  and  so  they  draw  the  equalizing  lever  down  until  the  cotter  can 
be  inserted  in  the  fulcrum.  Their  services  are  then  dispensed  with, 
and  the  hooks  and  crow-bars  taken  away.  The  lagging  may  be  put 
on  at  any  convenient  time,  as  well  as  the  c^b;  numing  boi^rd,  etc.,  t^x 
which  the  engme  is  wheeled* 
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11,  fjr    "Sulphate"     read    ."Sulphite." 

12,  '-           "dit"  "  "split.*' 
16,  "  "  Fibre  Cellular  "  "  "  Fibro  Cellular.' 
39,  "     "black  liquor"  ""  back  liquor." 
27,  "       "bisulphate"      "    "bisulphite." 
36,  "          **  $16.98"        "       "$15.98." 
21,  "        "bisulphate"     "     "bisulphite." 


IN8TE0CTIOlfB  FOB  PEUARINQ  PAPSBS,   XTO. 

In  writing  papers,  or  discussions  on  papers,  the  use  of  the  first  per- 
son should  be  avoided.  They  should  be  legibly  written  on  foolscap 
paper,  on  one  side  only,  leaving  a  margin  on  the  left  side. 

Illustrations,  when  necessary, should  be  drawn  on  tracing  paper  to  as 
small  a  scale  us  is  consistent  with  distinctness.  They  .should  not  be 
more  than  10  inches  in  height,  but  in  no  ccue  should  any  one  figure 
exceed  this  height.  Black  ink  only  should  be  used,  and  all  lines,  letter- 
ing, etc.,  must  be  clear  and  distinct. 

When  necessary  to  illustrate  a  paper  for  reading.  Diagrams  must  be 
furnished.  These  must  be  bold,  distinct  and  clearly  visible  in  detail  for 
a  distance  of  thirty  feet. 

Papers  which  have  been  read  before  other  Societies,  or  have  been 
published,  cannot  be  read  at  meetings  of  the  Society. 

AU  communications  must  be  forwarded  to  the  Secretary  of  the  Society, 
from  whom  any  further  information  may  be  obtained. 

The  attention  of  Members  is  called  to  By-laws  39  and  40. 


Thursday,  10th  October. 

P.  A.  PETERSON,  Vice-President,  in  the  Chair, 
Taper  No.  32. 

BRIDGE  CALCULATIONS. 


Bt  H.  B.  Vautblet,  M.Can.Soo.C.E. 


The  opinion  of  many  well  known  authorities  is  that  it  would  be  pre- 
ferable to  use  a  distributed  load,  that  would  be  safe  for  all  existing  types 
of  locomotives  in  use  on  railways,  and  that  would  leave  a  margin  for 
the  probable  increase  of  weight  in  the  future.  The  wheel  base  of  a  loco- 
motiye  as  well  as  the  weight  on  each  axle  is  limited  by  the  radii  of  the 
curves  and  the  section  of  the  rail ;  and  although  the  weight  of  cars  is 
constantly  increasing,  there  exists  a  necessary  relation  between  the  en- 
gine and  train  weights.  In  general  practice,  the  train  weight  is 
considered  as  distributed  and  the  engine  weight  as  concentrated.  The 
author  thinks  that  the  weight  of  a  wheel  is  always  distributed  by  the  rail 
and  ties  (more  so  in  locomotives  than  in  cars,  owing  to  the  lesser  dis- 
tance between  the  wheels),  and  that  both  weights  should  be  considered  as 
distributed.  It  will  always  be  necessary  to  use  two  different  dis- 
tributed loads,  and  the  equivalent  distributed  load  will  vary  with  the 
length  of  span. 

Furthermore  the  stresses,  although  calculated  with  the  greatest  care, 
are  not  the  actual  stresses  in  a  bridge,  and  frequently  discrepancies, 
amounting  to  several  thousand  pounds,  are  shown  during  the  erection. 
The  general  practice  is  to  have  the  posts  fastened  by  pins  or  rivets,  al- 
lowing ihem  to  work  as  tension  members,  while  the  top  chord  is  rigid,  in- 
atead  of  having  articulations  at  every  panel  point.  It  follows  that  the 
strains  are  not  what  they  would  be  in  an  articulated  system,  where  the 
posts  could  only  take  compression,  the  differences  being  more  especially 
apparent  in  bridges  with  inclined  top  chords,  which  act  partially  as  an 
arc,  the  posts  acting  as  suspenders.  Another  cause  of  error  is  the  use 
of  stringers,  rivetted  to  the  floor  beams,  which  act  as  parts  of  the  top  or 
bottom  chords,  as  the  case  may  be. 

A 
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It  must  not  be  supposed  that  the  author  is  adrooatiDg  free  articula- 
tions with  bolted  stringers  and  slotted  holes,  as  he  believes  that  the 
actual  practice  increases  the  Folidity  of  the  bridges,  and  prefers  to  have 
stiffness  in  his  work,  at  the  cost  of  some  uncertainty  in  his  calculations. 
He  would  also  follow  in  the  lead  of  an  eminent  bridge  engineer  in  the 
United  States,  whose  trusses  are  rather  light,  a  large  quantity  of  ma- 
terial being  used  in  the  stiffening  of  the  bridges,  in  the  top  and  bottom 
laterals,  sway  bracing,  and  especially  in  the  portals,  the  last  of  which 
is  certainly  a  very  important  part  of  a  bridge.  Most  of  the  ao- 
tual  specifications  seem  to  be  made  for  the  perusal  of  outsiders  more 
than  for  actual  use,  and  it  seems  (to give  one  instance)  that  the  rivetting 
foreman  and  inspector  should  know,  without  being  told,  what  the  appear- 
ance of  a  rivet  must  be  after  it  is  driven. 

In  treatises  on  bridges,  written  by  French  authors,  it  is  always  said 
that  we  must  not  rely  too  much  on  calculations,  and  the  best  that 
can  be  said  about  their  rules  is  that  bridges  built  according  to  them  and 
with  a  large  factor  of  safety  have  withstood  the  test  of  time. 

Experience  would  appear  to  show  that,  usually,  the  longer  the  speci* 
fications  the  worse  are  the  bridges.  What  may  be  considered  to  be  a 
standard  bridge  in  the  United  States  is  built  with  a  two  page 
specification. 

This  paper  sets  forth  solutions  of  the  two  foUowing  problems,  which 
the  author  believes  tx>  be  n  ;w  : — 

To  find  the  maximum  bending  moments  and  shearing  stresses  in 
girders  or  trusses: — 1°  taking  into  account  a  distributed  engine  load, 
followed  and  preceded  by  a  distributed  train  loud,  and  2^  taking  into 
account  the  load  on  every  wheel.  A  simplification  in  the  calculation 
of  bending  moments,  in  continuous  bridges  of  two  spans,  will  al^K)  be 
referred  to. 

1^  Calculation  of  the  maximum  bending  moment  with  a  distributed 
load  P,  occupying  a  length  7,  preceded  and  followed  by  a  distributed 
load  p. 

Let  y  be  the  bending  moment  at  C 

IV     «La 

"  2  "^    2 


||--x(p-^)HP-p)(i_:^> 
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If  y  is  to  be  a  maximum  ^  =  0  and 
dx 


o-s 


H-.,--.i("i')Y4^)4]' 


f 


or 


'=[0-I)"(^)^-J["H 


If  instead  of  two  weights  P  and  p  a  weight  R  is  distributed, 


=  ?(<'L--) 


The  weights  P  and  j?  oan  then  be  replaced  by  a  weight  R  such  that 

=-  ( '-r)*(^^)  *f 

o,B=P-(P-y)(l-T)' 


The  Bhearing  force  immediately  on  the  right  of  BD 

_VP(»  +  n?  -  ^ )    M'p  _  P»' 
~         NJ  2Ni      2i 

.  -a^NP-|'+  ^  YP  +  (nZ-V)p  ^VP(nf-T.     («/  -V)' 

Since  M  =" »  +  nZ  —  V 

If  the  shearing  force  is  to  be  a  maximum 


/.  aj: 


Y(P-p)-\-nlp  Pg_VP  +  Mp 


NP-p 


or 


I 


m 


*  This  formula  has  been  used^  if  the  writer  is  not  mistaken,  by  the  Eej- 
stone  Bridge  Co. 
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with  the  oonditioa 


NP»;-HV(P-y) 
-P 


^<        KP-i 


Heaoe  max.  shearing  force 

_  y(P  -p)j;2NP»?  -  YP(N-  )]  +  N»'  *Pp 
2N?(NP-j») 

For  a  aniformly  distribmted  load  the  max.  sheariag  force 


2(N-1) 
Heaoe,  that  theee  two  sheariag  forees  may  he  equal, 

NP-^  l       ^   ^'  \^     nlj         N«V     i 
By  taldng 

E=P-(P-^)(l-IJ 

we  haye  a  close  approximation  on  the  safe  side.  The  weights  P  and  p 
can  be  replaced  without  material  error  by  one  weight  R ;  Y  being  tho 
length  occupied  by  the  distributed  load  P,  and  n  the  number  of  panels 
which  must  be  fully  loaded  to  give  the  maximum  stress. 

2^  Graphic  calculation  of  bending  moments,  taking  every  wheel  into 
account. 


If  a  weight  P  is  moving  along  AB,  the  bending  moment  at  the  point 
of  application  will  be : 

Having  drawn  this  parabola,  the  bending  moment  at  a  point  D  at  a 
distance  a  from  A  will  be : 
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■m 


tad  CD  beiqg  ite  ordinatft  of  the  parabola  for  an  labfloisA  x'=  a 


In  the  trian^  AGB  we  have : 

Ira 


MN=ob?:?  ^vt^ 


The  bending  moment  at  D  is  then  equal  to  l^e  ordinate  of  the  triangU 
AOB  at  the  point  of  application  of  the  weight  P.  For  another  load  Pi 
we  sliould  have  another  triangle  AC,  B^,  and  if  b  is  the  distance  between 
Cbe  two  weights,  MN  +  M^Ni  ^Ul  represent  the  bending  moment  at  D 
Ifkibduced  by  the  weights  P  and  Pi. 

a  r 


L-jb.J 


By  sliding  the  triangle  AO^B  a  distance  b  to  thp  left,  M^  comes  to  M, 
and  the  bending  moment  at  D  for  jiny  position  of  the  two  weights  is 
given  by  the  ordinates  MN  +  MNi  of  the  two  triangles. 

The  same  reasoning  will  apply  to  any  number  of  weights. 

To  apply  the  method  it  is  sufficient  to  dfaw  the  ^  parabola 

ss'pL-Jx  to  a  oonvenient  scale. 

I  • 


To  find  the  moments  atD^  draw  a  series  of  triangles  ABO,  AiBiOl 
AjBjCj  etc.,  so  thut  ,  ,   *    ' 

AD=rAjBi«A,D,4rA^o  -      *  .      ' 

AB»AiBi>=:A»B^=^lebgt]L6fipfta[2::  ./      .         .^.  f 

AA|,  Ai As,... being  the  distances  between  the  fd^^ .  .  u    j  / 
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As  AAiAa  —  BBiBg^DBiD,  it  will  be  oonveDient  to  have  these 
distances  on  a  scale,  and  the  whole  series  of  triangles  may  be  drawn 
very  quickly  for  every  point  at  which  the  bending  moment  is  required, 
and  the  sum  MN  +  MNi  +  MNj  will  represent  the  moment  at  Do  when 
the  weight  P,  is  at  M. 

Now  consider  a  motion  of  the  weights  between  two  consecutive  apices. 
Each  abscissa  increases  or  decreases  in  proportion  to  the  distances 
moved,  and  it  is  necessary  to  reach  an  apex  so  that  one  of  the  increas- 
ing abscissffi  may  decrease.  A  maximum  can  then  only  be  reached  at 
an  apex,  %\  e.,  when  one  of  the  weights  is  applied  at  D^.  It  will  then  only 
be  necessary  to  consider  the  ordinates  at  the  different  apices,  and  a  curve 
B,  bi  b  da  m  as  ai  d  a^  A  may  be  drawn  who%  ordinates  will  repre- 
sent the  bending  moments  at  D  from  the  timePs  enters  the  bridge  until 
the  P  leaves  it. 

This  solution  brings  forth  a  property  of  the  parabola  that  the  writer 
has  never  seen  mentioned  before,  and  whose  limits  can  be  enlarged  by 
analytical  demonstration. 

Draw  the  triangle  AKB  (fig.  6) 

KM=^(^p>x  and  VD=  Z(^)a  =  MN 


Join  (fig.  6)  two  points  0  and  K  of  a  parabola  to  the  points  of  inter- 
section B  and  A,  and  of  a  perpendicular  to  the  axis.  The  lengths  YD 
and  MN  are  equal. 

3^  Graphic  calculation  of  stresses  in  the  members  of  a  truss,  taking 
every  wheel  into  account.  This  calculation  is  based  on  the  two  following 
theorems,  for  which  the  writer  is  indebted  to  Mr.  Joseph  Meyer,  of  the 
Union  Bridge  Co, 
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In  order  that  the  stress  in  the  diagonal  CB  (fis;.  7)  maj  be  a 
maximum,  the  weights  on  the  left  of  £,  including  the  weight  at  B, 
must  be  greater  than  the  sum  of  all  the  weights  on  the  truss  divided 
by  the  number  of  panels. 

In  order  that  the  stress  in  AB  (fig.  7)  may  be  a  maximum  the  sum 
of  the  weights  on  the  left  of  A,  not  including  the  weight  at  A,  divided 
by  the  number  of  panels  on  the  left,  must  be  less  than  the  sum  of  the 
weights  on  the  bridge  divided  by  the  number  of  panels  in  the  truss. 

Fi^8 


A+B^C+D-^E 


^9 


.^/\-^B+CtJ 


y^p.l 


K  5  M  T 

First  draw  the  diagram  shown  in  fig.  8,  and  let  it  be  required  to  find 
the  sum  of  the  weights  on  truss  E  T,  and  the  sum  of  weights  on  the 
left  of  M.  The  first  sum  is  given  at  O  by  following  the  diagonal  E  G 
and  the  second  sum  at  Y  by  following  the  diagonal  A  V.  By  moving 
the  trass  so  that  M  occupies  the  different  positions  ABC,  etc.,  it  will 
be  easy  to  find  the  most  unfavorable  situation  of  the  load  by  applying 
the  theorems  given  before, 
Now  let  M2  be  the  bending  moment  at  M 

E  the  reaction  at  K 

Ml  the  moment  in  relation  to  M  of  the  weights  on  the 
left  of  M. 
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Let  I  be  the  panel  length 

N    ^     number  of  panels  in  trnss 
n     "  "  «         kftofM 


MN< 


Id  order  that  M  N  may  be  a  mazi- 


l  I 

mum  a  part  onl  j  of  M  S  is  usually  loaded  and  we  then  only  require  to 
know  the  quantities  R  x  N  2  and  M.  To  find  those  values  we  will 
draw  another  diagram.  p 


K  M.         .       T 

The  ordinates  of  the  different  points  B^  G^  etc.,  measure  the 
moments  in  relation  to  B,  C,  etc.,  of  all  the  weights  at  the  left,  and  if 
we  want  to  find  the  values  B  x  N  Z  and  M^  when  M  is  at  D  and  the 
ends  of  the  truss  at  K  and  Ti,  Mi  will  be  measured  by  Di  D^  and 
B  X  NibyT,  Ta 

Bearing  in  mind  that  for  a  distributed  load  the  polygonal  curve  AB^ 
C^D^  becomes  a  parabola,  many  interesting  properties  of  the  para- 
bola may  be  demonstrated. 

4^  Bending  moments  in  continuous  bridges  of  two  spans. 

The  maximum  bending  moments  at  each  point  are  given  by  consider- 
ing three  cases  of  loading,  viz.,  each  span  loaded  and  both  spans  loaded. 

1 *■ 


_..,...n— ., 


T" 
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The  maxima  are  then  given  by  the  line 


25S 


and  the  two  parabolas 


M,  =  Airf(/-«) 


0) 
(2) 


.%ii —  /: 


If  a  complete  discussion  were  made,  it  would  be 


found  that  for  a  length  —  from  the  centre,  an  hy- 
5 


J^  perbola  intervenes,  increasing  the  negative  moments, 

and  giving  also  positive  moments  as  shown  by  dotted  lines.      But  the 
results  would  not  be  materially  changed. 

If  M4  is  the  bending  moment  produced  by  a  distributed  load  p  od  a 
single  span  I  we  have  a  parabola 

M,=  --2(*-«) 2 
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If  AH= HK  the  lines  NQ  and  NK  are 

and  it  is  easy  to  see  that 

which  gives  an  easy  method  to  have  the  bending  moments. 

The  aathor  thinks  that  the  first  formula  given  maj  have  some  practical 
value,  and  he  would  like  to  have  the  opinion  of  bridge  engineers  about 
it,  as  well  as  the  opinion  of  mechanical  engineers  as  to  the  value  to  be 
given  to  the  constants. 

The  coefficients  to  be  determined  are  P,  p  and  Y.  In  the  Canadian 
Pacific  By.  specification  p  is  taken  at  3000,  and  in  calculations  of 
many  bridges  the  writer  has  taken  P  =  3730  and  V==  105'D"  and 
has  found  very  little  difference  when  taking  every  wheel  into  account. 

For  spans  under  105  feet  and  over  21  feet  he  has  taken 
P= 4600,  ^  =  3240,  V  =  2r-0' 
and  the  formula  becomes 

R  =  3730  -  730  /I  -  105y  for  spans  over  21' 

R=4600  -  1360  /   ^  21 Y  for  spans  over  21* 
B  =  4600  for  spans  under  21' 


DISCUSSION. 

The  writer  has  read  Mr.  Vautelet's  paper,  on  Bridge  Calculations,  ^'-  Sheiford. 
with  considerable  interest ;  and  on  comparing  his  formula  with  a  table, 
in  accordance  with  which  the  writer  has  built  a  number  of  bridges  in 
the  last  few  years,  finds  that  it  agrees  fairly  well. 

This  table  is  to  be  found  in  the  Minutes  of  Proceedings  of  the  In- 
stitution of  Civil  Engineers,  Volume  82,  Page  349,  and  probably  repre- 
sents the  latest  practice  in  England,  where  no  larger  work  than  the 
Hull  &  Barnsley  Railway,  for  which  the  writer  was  Chief  Engineer, 
has  been  constructed  for  many  years. 

At  the  Birmingham  Meeting  of  the  British  Association  in  1886,  the 
writer,  jointly  with  Mr.  A.  H.  Shield,  Associate  Member  Inst.  C.E., 
read  a  paper  on  the  design  of  Qirder  Bridges,  which  the  Committee  did 
them  the  honor  to  print  in  extenso  in  their  Proceedings. 

The  author's  first  formul»  are  of  considerable  interest,  and  afford  a  Mr.  A.  Shield, 
ready  means  of  computing  the  stresses  resulting  from  hypothetical  dis- 
tributed loads  of  different  intensities,  of  which  the  extent  of  the  load  of 
greater  intensity  (and  the  intensities  of  the  loads)  is  defined.  It 
remains,  however,  to  determine  the  values  to  be  assigned  to  the  intensity 
and  extent  of  the  distributed  engine  load  P,  in  order  that  the  formula 
may  give  results  which  will  cover  the  stresses  produced  by  the  actual  . 
loads.  In  this  respect  a  sign  of  weakness  is  apparent  in  the  change 
made  by  the  author  in  the  values  of  P  and  Y,  when  the  span  reaches 

105  feet.  The  expression  R=  4,600—1360  t  ^—^Y  ^^^  ®P*°* 
from  21  to  105  feet  takes  into  consideration  the  load  due  to  one  engine 
only  (although  it  is  usual  to  specify  for  two),  and  its  limit  of  application 
is  therefore  about  55  feet.  Beyond  this  length  with  a  load  specification 
of  two  engines  of  the  usual  type,  there  are  two  distributed  loads  of 
(say)  4,600  lbs.  per  foot  run  for  lengths  of  (say)  21  feet,  with  a  definite 
interval  between  them  in  which  the  load  is  (say)  3,000  lbs.  per  foot, 
and  preceded  and  followed  by  a  similar  train  load — a  condition  which 
is  not  covered  by  the  formulae. 

Having  regard  to  the  difficulties  which  attend  the  application  of  the 
author's  formula,  in  the  determination  of  the  co-efficients  and  the  limits 
of  its  applicability  to  spans,  which  either  admit  only  one  engine,  or  are 
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80  great  that  the  weight  of  two  engines  with  their  tenders  may,  without 
sensible  error,  be  oonsidered  as  uniformly  distributed,  the  writer  would 
suggest  that  a  readier  method  of  obtaining  an  equivalent  uniformly  dis- 
tributed load  of  practical  utility  is  to  determine,  by  actual  computation, 
for  a  series  of  spans,  the  uniformly  distributed  loads  which  give  moments 
at  any  point  in  a  beam  equal  to  or  ezoaeding  those  produced  by  a  given 
specified  system  of  loads,  or  by  two  or  more  such  specified  systems.  These 
equivalent  loads  laid  down  upon  a  diagram,  with  the  spans  for  abscisssdi 
give  a  series  of  points  to  cover  which  a  more  or  less  angular  curve 
may  be  drawn. 

Referring  to  the  second  part  of  the  author's  first  formula,  viz.,  that 
relating  to  the  equivalent  for  shearing  stress,  it  is  to  be  noted  that  the 
result  obtained  by  the  author,  as  an  approximation  to  the  case  of  a  truss 
bridge,  may  be  directly  derived  from  the  previous  expressions  for  bendp 
ing  moments,  and  if  so  derived  takes  the  form 

R  =  P-(P-p)(l-J-,)' 

This  expression  shews  perhaps  more  dearly  than  the  form 

E  =  P-(P-p)(i-.J)'' 

that  in  using  an  equivalent  uniform  load  to  es^im«ite  shearing  stress^ 
such  equivalent  must  be  determined  soparatoV  f  ^r  estimating  the  shear 
at  each  apex  or  panel,  and  is  for  each  such  apex  equal  to  the  equivalent 
uniform  load  for  a  span  equal  to  the  length  of  that  portion  of  the  bridge, 
which  must  be  loaded  to  give  a  maximum  shear  at  that  apex — i.e.^  rd  or 
L — a. 

Prof :  Burr.  The  wisdom  of  using  arbitrary  weight  concentrations,  more  or  less 
like  those  of  locomotives  and  tenders,  in  the  design  of  railway  structures, 
is  being  widely  questioned  by  engineers,  and  most  properly. 

In  the  United  States  the  matter  has  been  receiving  increasing  and 
eerious  attention  for  several  years  past,  and  it  seems  probable  that  a 
more  simple  and  equally  accurate  system  will,  at  no  remote  date,  be 
followed  to  a  very  considerable  extent  The  present  system  is  certainly 
most  wasteful  of  time,  and  the  results  are  no  more  approximate  in  char- 
acter than  those  reached  by  a  much  more  simple  and  equally  rational 
method.  The  constantly  varying  and  increasing  locomotive  and  tender 
wheel  weights  completely  neutralize  the  accuracy  of  the  best  present 
methods,  with  weight  concentrations,  and  render  nugatory  the  extrava- 
gant expenditure  of  time  in  computations.  Such  a  system  cannot  be 
too  quickly  changed;    but  it  should  not  ^be  supplanted  by  another 
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equally  objeotionable.  If  the  writer  noderstands  the  first  paragraph  of 
Mr.  Yautelet'B  paper,  particalarly  the  last  Beotenoe,  he  would  propose 
to  use  an  *^  equivalent  distributed  load/'  which  ^^  will  vary  with  the 
length  of  span." 

In  the  first  place,  there  is,  in  fact,  no  such  thing  as  a  uniform  load 
equivalent  to  a  given  system  of  concentrations.  The  maxima  stresses 
due  to  the  latter  in  every  chord  panel  and  web  member  would,  in  the 
general  case,  efush  require  a  separate  and  independent  '*  equivalent 
uniform  load/' 

In  the  second  place,  even  if  such  an  equivalent  uniform  load  were  a 
possibility,  it  would  require  a  very  considerable  computation  for  each 
different  system  of  concentrations.  In  any  case  the  method  would 
effectually  defeat  its  purpose.  This  matter  of  equivalent  uniform  load 
has  been  most  thoroughly  considered  by  many  of  the  engineers  of  the 
United  States  within  the  past  few  years,  and  with  rare  exceptions  the 
method*  has  been  rejected  as  entirely  inadequate  to  accomplish  the 
desired  results. 

It  has  frequently  been  shown,  however,  particularly  by  Mr.  Geo.  H. 
Pegram,  C.K.,  of  St.  Louis,  that  a  simple  uniform  load  with  a  single 
concentration  at  its  head  (or  at  some  intermediate  point,  if  the  loco- 
motives are  so  placed)  will  produce  essentially  the  same  stresses  as  the 
same  uniform  train  load  headed  by  two  locomotives,  or  with  the  same 
locomotives  placed  at  some  intermediate  point.  Nothing  could  be 
simpler  than  such  a  system  of  loading,  and  the  single  concentration  can 
be  easily  inferred  from  the  locomotive  weight.  The  method  resulting 
from  the  use  of  such  loading  is  now  receiving  very  favorable  attention 
from  many  quarters,  and  its  early  introduction  is  not  unlikely. 

Regarding  the  particular  equations  found  by  Mr.  Yautelet,  it  is  to  be 
observed  that  while  their  forms  may  be  new,  his  method  has  long  been 
used  in  the  engineering  office  of  the  Phoenix  Bridge  Co.,  as  well  as  in 
those  of  other  American  bridge  companies  ;  in  fact  the  general  method 
for  parallel  chords  has  for  nearly  four  years  been  pui)lished  in  the 
writer's  work  on  '^Stresses  in  Bridge  and  Roof  Trusses." 

Again,  although  Mr.  Yautelet  does  not  mention  the  fact,  his  results 
for  shears  do  not  give  the  maxima  web  stresses  unless  the  two  chords 
of  the  trusses  are  parallel.  The  writer  believes  that  Mr.  Henry  W. 
Hodge,  C.E.  Student  Institution  of  Civil  Engineers,  of  the  engineer* 
ing  office  of  the  Phoenix  Bridge  Co.,  was  one  of  the  first,  if  not  the  first, 
to  point  out  the  fact  that  different  positions  of  loading  from  those  for 
parallel  chords  are  required  for  chords  not  parallel,  when  maxima  web 
stresses  are  sought. 
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The  following  investigatioii  shows  the  effects  of  non-parallelism,  and 
gives  the  positions  of  loading  ns  well  as  the  maxima  web  stresses  them- 
selves fur  the  prinoipal  types  of  trusses. 

Two  principal  cases  occur  in  connection  with  types  of  structures 
ordinarily  used  in  engineering  practices.  That  one  to  be  tested  first  is 
the  case  of  the  intersection  of  the  chord  sections,  in  any  panel,  lying 
below  the  inclined  web  member  in  the  same  panel ;  the  other  is  the  case 
of  the  intersection  lying  above  the  inclined  web  member. 

Application  of  these  principal  cases  to  special  features  can  easily  be 
made  after  the  general  results  are  obtained. 

Case  I.  The  intersection  of  chord  sections  hdow  the  inclined  web 
member. 


Let  I  {Fig.  13.)  be  the  length  of  span ;  d  the  distance  from  end  of 
span  to  the  point  of  intersection  H  of  the  chord  sections  in  the  panel  in 
question ;  m  the  distance  from  the  end  of  the  span  to  the  same  panel 
whose  Kngth  is  p;  S,  the  stress  in  the  web  member  under  consideration, 
and  L  its  lever  arm  about  H/  a,  h,  c,etc.,  the  distances  separating  W^ 
fromWj,  Wj  from  W3,  etc.,  etc. ;  Wj,  W,,  etc.,  the  weighis  resting 
between  G  and  D,  and  W3,  W^ ,  etc.,  the  weight:^  resting  in  the  panel  p^ 
while  W»,  distant  X  from  E,  is  the  last  weight,  resting  on  the  span 
from  C  to  toward  E/  6  is  the  distance  from  D  to  the  nearest  weight  W^ 
The  reaction  a€  G-  is : — 

B=W,(ii±!:^tiii±f)  + w.(^±i±::i±5)  +e<c...w.'L  (i) 

Talcing  moments  about  S : — 

S^  =  IW-Wi  (^  +  (f-a-6-...-x)  -Wy?  +  d?-5-c-  ...-x') 


-^.-(w  ^).(w. 


p-b 


'  +  etc 


,  .  ,         -(2) 

B;  moving  the  entire  load  the  distance  ^  x  toward    Qt,  remembering  that 


!J  (m-¥d\. 
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the  change  in  the  value  of  R  will  be  A  R  =  (Wj  +  W,  + +Wn)  — 

V 

the  change  in  S  A  becomes : 
AS  ^=(Wi+W,+ +  W„^A^-^WlfW,  +  e<c)  £ix 

-  (Wz  +  W,  +  etc^^(m^d) (3) 

For  a  maximum  or  minimum  aS  A  -  0,  hence  : — 

Wi+W,  + +W,=  J  (W'+W,+ +c«c.) 

^(W..Wa.<.)'(!^ (,, 

Bearing  in  mind  that  the  first  parenthesis  in  the  second  member  of  eq. 
(4)  represents  the  load  between  the  panel  p  and  the  left  end  of  span, 
and  that  the  second  represents  the  load  in  panel  p  itself,  it  will  be  at 
once  seen  that,  when  the  load  extends  from  E  to  W,  S  is  the  maximum 
main  stress,  and  that  when  it  extends  from  G  to  W^  (i.e.,  to  the  weight 
farthest  towards  E),  S  is  the  maximum  counter  stress.  Eq.  (4),  there- 
fore, as  it  stands,  gives  the  conditions  for  maximum  main  or  counter 


Eq.  (4)  is  perfectly  general  in  character,  and  covers  all  systems  of 
loading  whatever,  but  it  may  be  put  in  special  forms  for  convenient 
application  in  special  cases. 

Example  (1)  Uniform  Load, 

If  the  load  is  continuous  or  only  partially  so,  and  to  is  its  intensity 
(i.e.,  its  amount  per.  lineal  unit)  at  any  point  distant  x  from  E, 
then  its  various  concentrations  W^,  W^,  W,,  etc.,  will  be  separated  by 
V)  dx.     If,  further,  the  load  is  uniform  and  continuous,  w  is  constant, 

and  Wj  +W,  + +  W,j   =  w  x^,  x^   separating  the  length    of 

uniform  load  on  the  bridge.     In  the  same  manner,  if  x,  represent  the 
length  of  uniform  load  from  D  towards  G, 

(Wj  +  Wj  +  etc.;=  w  X^  ;  and  (W,  +  W^  +  etc.)  =  to  r  p  ;  r  being  the 
fractional  part  of  the  panel  p  covered  by  the  uniform  load  m 

Equ,  (4)  then  becomes: — 

toxi  =  —  locB,  +  torp?    ( I 

d  \  pd  ^ 

Or.  x.=  ^»,  +  W  (Jh-i)  (5) 

As  with  the  general  case  so  with  equ.   (5),  it  is  so  written  as  to  give 
both  maximum  main  and  counter  stresses. 
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Jf  the  load  U  placed  far  the  greatest  main  *treue$,  x^  "0  whik 
!B|  =Hp  +  rp;  in  which  np  is  the  length  of  loading  from  G  towards 
B.— 

np.rp^rl  (J.l)  and,=   ,    ^^^'^^^  W 

If  the  load  is  placed  for  the  greatest  counter  stress  ; 
„,=^x,-dr(«.l) (7) 

Or  if  there  is  no  load  between  C  and  E,  and  if  np  ^x,  is  the  length 
of  load  from  D  towards  G,  Equ.  (7)  will  become : — 


V     dJ   ^p\d     I  -Y!!^+i)-i 

p\d       ^ 


ni 

.(8) 


P 

Equ^s  (6)  and  (8)  will  enable  the  position  of  moving  load  to  be  at  onoe 
computed  without  trial. 

Example  IL  Loads  at  panel  points  only. 

If  loads  are  located  at  the  panel  points  only,  then  W^,  W,,  W, 
etc.,  will  be  the  panel  loads,  and  a,  h^  c,  etc.,  the  panel  lengths,  and 
equal  to  each  other  in  case  those  lengths  are  uniform ;  the  pareDthesis 
in  eq.  (2)  multiplied  by  (m  +  d)  will  also  disappear.  Substituting  R 
from  eq;  (1)  in  eq.  (2)  with  the  hist  parenthesis  dropped,  there  will 
lesult 

SA=Wi^a  +  6  +  c+ +x^  (^+l) 

+  W.^-  (W,  +  W,  + etc)    (l  +  d) (9) 

The  last  term  of  the  second  member  represents  the  loads  between  6 
andD. 

The  position  of  loading  for  a  maximum  of  S  wiU,  in  the  general 
case,  be  determined  by  trial,  by  ascertaining  in  what  position  the  second 
group  of  positive  quantities  in  the  second  member  ceases  to  increase 
more  rapidly  (as  the  load  progresses)  than  the  negative  difference 
between  the  first  positive  group  and  the  negative  last  member.  , 
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This  can  only  happen  if  the  panel  weights  toward,  or  in  the  vicinity 
of  W»  are  very  heavy  relatively  to  those  toward,  or  in  the  vicinity  of 
W|.  If  the  heavy  panel  loads  are  W^  and  those  near  it,  t.e.,  if  the 
heaviest  panel  loads  are  at  the  head  of  the  train,  the  following  analysis 
shews  the  positions  for  maxima  stresses,  in  which,  it  is  to  be  observed, 
Wj  is  the  near  panel  load  for  counter  stresses. 

Since  (a  +  h-h  c-^ +  x)  (rf+  Z)  <  (c?  +  I)  I,  and 

/.    (a  +  h-i-c+ +»")    (-+1)<M+M,   it  is  dear  that 

for  maxima  main  stresses  the  loads  must  extend  from  the  farther  end 
of  the  span  to  the  main  member  in  position. 

Since  the  counter  shear  is  negative,  i.e.,  opposite  in  sign  to  the  main 
shear,  the  negative  portion  of  the  second  member  of  Equ.  (9)  must  be 
as  large  as  possible  for  the  maximum  counter  shear  and  the  positive 
portion  as  small  as  possible.     Hence  the  portion 

W,  (e  + +  x)  —  +  ••♦•••  .   W  ™  must  be  omitted  and  the  load 

8  \  ^    I  »  Z 

Wj  placed  at  the  panel  point  nearest  the  end  O,  i.e,,  the  load  must- 

cover  that  portion,  of  the  span  between  the  counter  and  the  nearest  end 

of  the  span,  for  the  maxima  counter  stresses. 

Hence  for  main  web  stresses  under  the  assumed  conditions  : — 


S=HWi  JaH- 6 +  c-|. +x\  +WJ 


•^^!1 


6  +  C+ +x 

d 


I (10) 

and  for  counter  web  stresses  : — 

S  =  JjWi(a  +  6+  +...+X)  +W,(6  +  c+. ..+»)  +  .... ««cj(|+l) 
-(W,  +W«  + etc)l±^ (11) 

The  coodirions  on  which  BquV.  (10)  and  (11)  are  based  are  precisely 
the  same  as  if  the  chords  are  parallel.    In  the  latter  case  d^  cc,h=  cc 

d^^seca    1  ^j   /  +  <^ 

Case  II.  The  intersection  of  chord  sections  above  the  tncHned  vxeb 
member. 

This  case  is  illustrated  bj  Fig.  14,  in  Which  let  the  stress  S  in  the 
member  DO  be  under  consideration.    The  moving  load  b  supposed  to 

B 
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Fig.  14 


paRs  OD  the  bridge  fronn  E  towards  G  for  the  main  web  stress ;  H  is  the 
point  of  intersection  of  the  chord  sections,  while  QH  and  QD  are  the 
distances  d  and  m  respectively.  All  other  notations  remain  precisely 
as  in  the  previous  case.  The  reaction,  R,  under  G  is  given  by  Equ.  (1), 
Bearing  in  mind  that  distance  DH  is  now  {d — m)  and  taking  moments 
about  H  there  will  result : — 

SA  =  R<?-Wi(rf-Z  +  a  +  6+ +a;)-W,  (rf  +  Z  +  6  +  c  +  ..+x) 

P  P 

Precisely  the  same  operation  which  follows  Equ.  (2),  shows  that  the 
desired  condition  for  a  maximum  is  given  by  the  following  equations : — 

+  (W3+w,+6/c)  M^ • (13) 

pa 

The  different  positions  of  Equ.  (13)  evidently  represent  exactly  the 
same  loads  as  the  same  portions  of  Eq.  (4).  It  is  also  clear  from  the 
same  considerations  that  if  the  loads  extend  from  E  to  W^,  Equ.  (13) 
gives  the  position  for  a  maximum  main  stress,  and  a  maximum  counter 
stress  if  they  read  from  G  to  W^  (i.^.,  to  the  weight  farthest  towards 
E). 

Equ.  (13)  like  Equ.  (4)  applies  to  any  system  of  loads  whatever, 
and  can  be  applied  to  special  oases  in  the  same  manner. 

Ex,  III,  Uniform  Load. 

By  using  the  same  notation  and  the  same  process  of  reasoning  as  in 
Ex.  1,  Equ.  (13)  takes  the  form  for  the  greatest  main  stress : — 

(H) 


a 


or  for  the  greatest  counter  stress  : — 


.(15) 
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Ex.  IV,  Loads  cU  panel  points  only. 
Let  it  be  first  supposed  that  d  is  less  thaa  Z,  t.e.,  d  <  Z. 
The  same  general  oonsiderations  that  were  given  in  Ex.  II.  applied 
to  Equ.  (12;  will  cause  it  to  take  the  form : — 

SA=-W,(a  +  6  +  c+ +x)  (l-^) 

-W,  (6  +  C+ +aj)/l-^^  - ^etc, 

+  Wj(c+ +«)f^  «/c,-j-(Wj+W,  +  e<c)  (Z--(Q..(16) 

Since  (cr  +  6  +  c  +  a;)  (?-cf)<  IQ-d), 

/.(a  +  6  +  c+ +  »)  (l-^)  <(l-d). 

Therefore  in  order  that  the  second  member  of  Equ.  (16)  should 
have  it8greatest^«teti;«  value,  the  loads  must  be  at  aU  the  panel  points. 
Equ.  (16)  also  shows  that  in  the  case  now  under  consideration  there  can 
be  no  reversal  of  stresses  in  any  web  member.  In  the  inclined  member 
S,  the  stress  will  always  be  tension  and  always  compression  in  the 
vertical  member  passing  through  its  upper  extremity.  The  positions 
for  the  actual  maxima  stresses  can  be  found  by  trial  only,  as  they  will 
depend  on  the  amount  of  the  panel  loads  and  their  location  relatively 
to  each  other. 

Let  it  next  be  supposed  that  d  is  greater  than  Z,  i.e.,  d>l. 

In  this  case  (I — d)  becomes  negative,  or  (d  —  I)  positive,  and  the 
conditions  for  maxima  values  are  the  same  as  those  fixed  for  eq.  (9) ; 
hence  they  need  no  further  attention. 

A  remaining  example  with  the  intersection  of  chord  sections,  bdow 
the  inclined  web  memher,  and  between  it  and  the  end  of  the  span,  can  be 
treated  in  precisely  the  same  general  manner  as  the  preceding.  The 
moving  load  between  G  and  D  would  lie,  in  the  general  case,  partially 
on  pne  side  of  the  point  of  intersection  and  partially  on  the  other.  This 
form  of  truss,  however,  has  little  or  no  technical  interest  and  needs  no 
further  attention. 

The  preceding  treatment  applies  to  any  forms  of  truss,  whether 
deck  or  through,  with  one  chord  horizontal.  In  the  application 
of  any  particular  formula  it  is  only  necessary  that  the  point  of 
intersection  of  the  chord  sections  shall  be  located  according  to  the 
condition  on  which  the  formula  is  based. 

The  treatment  also  applies  to  any  system  of  web  members,  whether 
they  are  all  inclined  at  different  angles,  to  a  vertical  line  or  at  equal 
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aogles,  or,  again,  if,  as  in  the  figures  a  part  of  them  are  vertical.  It  is 
only  to  be  borne  in  mind  that  two  web  members  interseoting  in  the 
unloaded  chord  take  their  greatest  stresses  together,  only  when  that 
chord  does  not  change  it$  direction  at  that  point  of  intereection. 

In  case  that  direction  does  change,  the  value  of  "  d  '*  will  be  different 
for  the  two  members,  although  ''  m  "  will  remain  the  same. 

Short  methods  of  computation,  well  known  in  every  engineering 
office,  make  practical  applications  of  preceding  formulas  easy  and 
rapid. 

Prof.  Bovey.  1°  *  paper  recently  read  by  the  speaker  before  the  Royal  Society,  it 
was  shewn  that  when  a  number  of  isolated  loads  travel  at  fixed  dis- 
tances apart,  over  a  girder  AB  : — 

(a)  The  shearing  force  at  any  given  point  for  a  given  distribution  of 
the  loads  will  be  greater  or  less  than  the  shearing  force  at  the  saniA 
point  when  the  loads  have  moved  a  distance  x  from  B  towards  A 
according  as, 

T-L>R.--  E,  +  -^  (W.-L)  (A) 

(()  and  the  bending  moment  at  the  point  for  the  first  distribution 
will  be  greater  or  less  than  the  bending  moment  for  the  second  distri- 
bution, according  as 

+  x(W.-L+T)  >  ^  G-.)(W,-L)  (B) 

In  the  above  relations, 

L  =  total  load  which  leaves  the  girder 

rp  _.    «      u    transferred  from  one  side  of  the  point  to  the 
other, 

Bp,  R„  B,  are  the  reactions  at  the  support  A,  due  respectively  to  the 
weight  which  leaves  the  girder,  the  new  weight  which  advances  on  the 
girder,  and  the  weight  transferred  from  one  side  of  the  point  to  the 
other. 

z  =  distance  of  given  point  from  B. 
I  =  length  of  girder. 
W„  =  tri  +w, +  ...+  W,, 

=  total  weight  initially  on  girder. 
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When  no  weights  leave  or  advanoe  npon  the  girder 

/.  B^  B,  and  L  are  seyerall j  nil,  so  that  (A)  becomes 

i>w.  (C, 


t.« 


weight  transferred  >  total  weight 


distance  of  transfer  <         span 
which  agrees  with  the  result  given  by  the  author, 
and  (B)  becomes 

-  z  .T.  +  Z  B,  +  X  (W,  +  T)  >JL(l^z)  W„  W,  being 

the  sum  of  the  first  r  weights. 

If  the  given  point  initially  coincides  with  the  rf  weight,  and  if  x  is 
equal  to  the  interval  between  the  r'*  and  (r  + 1)'*  weights,  the  last 
expression  easily  reduces  to 


where  t-a^  =  distance  between  r**  weight  and  A.  This  last  expression 
also  agrees  with  the  result  given  bj  the  author  as  the  condition  for 
max.  bending  moments. 

It  is  necessary  to  bear  in  mind  that  (C)  and  (D)  are  only  special 
cases  of  the  general  problem,  and  are  also  only  true  for  trusses  with 
horizontal  chords. 

If  the  upper  chord  is  not  horizontal,  consider  a  diagonal  between  the 
r*  and  (r+1)**  weights. 

Let  the  corresponding  panel  length  of  the  upper  chord  produced 
meet  the  horizontal  chord  produced  in  the  point  C. 
Let  C  A=h 

"  p  he  the  perpendicular  from  G  upon  the  diagonal  in  question 
"  Bi,  B,  be  the  reactions  at  A  due  to  the  1st.  and  2nd.  distribu- 
tions, respectively 
''  Di,  D,  be  the  corresponding  diagonal  stresses. 
Suppose,  for  simplicity,  that  no  weights  either  leave  or  advance  upon 
the  girder. 

/.B,.  ^=iOi.  ai  +  ir,  a,+ ...  +  w^.  a, 
Dj.  p= B|.  A  -  toi  (A  +  Z  -  a,)  -  tr,(A  +  Z-  a,)  ...  -  w,.(A  +  Z-a,) 

E^  Z=Wi(a,  +  «)+ie,(a,  +  x)  + +w»(a„  +  x) 

D,.  j>  =  B^  A  -  Wi(h  +  Z-  Oi  -  x)  -  w,(A  +  l'-af''  »)— 

-to,.(A  +  Z-a,.-x)-w^^i(A  +  Z-a^,i-x)- 
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HeDce,  Di  ^  D,.  according  as, 
a  (tr,  +  tr,  +  ...  +  «?^  +  M7^i  +  ...  +  w^^)  +  Wr*i(h  +  ?- ^hi)  + 

orx.  (W,  +  T)  +  Ri.  (/  +  A)  J  W.»^^  (E) 

where  B^  (2  4-  A)  is  equal  to  the  algebraic  sum  of  the  moments  of  the 
'*  weights  transferred'',  with  respect  to  C. 
If  no  weights  are  transferred,  the  proceeding  relation  reduces  to, 

h     <    I 
Relation  E  corresponds  to  that  given  by  Prof.  Burr. 

The  speaker  fully  agrees  with  Professor  Burr  in  his  opinion  as  to 
the  uselessness  of  the  extremely  nice  calculations  now  so  frequently 
required  by  f^pecified  arbitrary  concentrations,  and  gave  utterance  to  this 
opinion  before  this  Society  during  the  early  days  of  its  existence.  The 
calculations  certainly  provide  useful  exercises  for  students  at  college, 
but  in  practice  at  least  equally  approximate  results  may  be  arrived  ut 
by  the  much  simpler  assumption  of  a  uniformly  distributed  load  with 
a  concentrated  excess  in  the  front,  or  in  any  other  specified  position. 
The  varying  types  of  locomotive,  with  iheir  constantly  increasing 
weight,  render  nugatory,  except  for  one  particular  assumption,  all  stress 
calculations  based  upon  arbitrary  weight  concentrations. 

Mr.  DawBon.  The  speaker  had  not  the  advantage  of  hearing  Mr.  Vautelet's  paper 
read  at  the  previous  meeting,  but  understands  from  reading  it  that  the 
main  point  for  discussion  is  whether  it  is  better  in  bridge  calcula- 
tions to  take  the  individual  wheel  loads  or  to  assume  an  equivalent  dis- 
tributed load. 

It  is  pretty  generally  admitted,  so  far  as  the  truss  as  a  whole  is 
concerned,  especially  on  long  spans,  that  the  distributed  load  is  quite 
sufficient  for  all  practical  purposes. 

The  difficulty,  however,  in  taking  one  distributed  load  is  that  on 
special  parts  of  the  bridge  and  in  many  details  the  strain  is  consid- 
erably in  excess  of  anything  that  could  be  figured  out  from  the  dis- 
tributed load. 

With  regard  to  the  practice  of  calculating  bridges  with  such  great 
accuracy;  under  older  practice,  m  on  the  continent  of  Europe,  there 
was  a  redundance  of  material  put  into  bridges  to  meet  special  cases,  such, 
for  example,  as  the  passage  of  individual  wheels. 
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On  the  other  hand,  in  fip;aring  down  to  rigid  economy  and  strict 
accuracy,  there  is  the  great  advantage  of  getting  a  lighter  bridge ; 
and  American  methods  of  calculation,  design  and  detail  have  specially 
contributed  towards  the  rapid  erection  of  bridges  with  the  {greatest 
economy  in  material,  which  are  important  features  on  this  continent, 
when  one  considers  the  great  distance  material  has  often  to  be  trans- 
ported, together  with  the  difficulty  of  transportation  and  the  reduced 
time  occupied  in  erection. 

These  are  the  main  reasons  for  the  American  design  and  the  close 
calculations  it  requires. 

The  limit,  however,  has  been  reached  both  in  reference  to  accuracy 
of  calculation  and  economy  of  material ;  and  in  reaching  the  limit  it 
is  quite  obvious  that  a  number  of  points,  such  as  were  mentioned  in 
the  paper,  were  not  taken  into  account,  and  were  probably  not  worth 
oonsidering ;  such  items,  for  example,  as  extra  stiffness  given  to  posts  by 
rivetted  attachment  to  the  floor  beam,  the  impact,  and  other  details  of 
a  similar  nature,  which,  as  a  rule,  are  never  gone  into. 

In  these  circumstances  the  question  arises,  whether  it  would  not  be 
sufficient  to  take  a  more  general  load  instead  of  taking  the  wheels 
in  detail.  The  advantage  of  doing  so  in  saving  tedious  calculation  is 
evident,  as  each  position  of  the  wheels  involves  the  complete  calculation 
of  the  bridge,  unless  the  insight  is  acquired  by  practice  which  enables 
the  cases  yielding  maximum  values,  and  the  members  upon  which  they 
come,  to  be  selected  in  advance.  On  the  other  hand  if  distributed  loads 
alone  are  taken,  a  great  deal  is  left  out  in  regard  to  the  strains  coming 
upon  details.  It  would  be  necessary  to  assume  a  very  low  value  for 
rivet  shear,  and  allow  the  excess  of  strain  actually  occurring  to  trench 
on  the  margin  of  safety. 

The  best  way  to  obviate  both  difficulties  would  be  to  take  a  distribu- 
ted load  for  the  truss  as  a  whole,  and  to  specify  also  the  wheel  loads  for 
the  calculation  of  the  attachments  and  details,  and  for  these  only.  A 
distributed  load  to  be  equivalent  to  the  actual  loading  must  increase  as 
the  span  diminishes ;  and  it  would  therefore  be  necessary  to  specify  a 
aeries  of  such  loads  for  spans  of  different  lengths  down  to  the  shortest 
girder  spans.  It  would  also  be  necessary  to  specify  more  than  one 
engine  to  obtain  the  actual  maximum  strains  in  the  detiils,  as  in  prac- 
tice a  lighter  engine  may  cause  a  greater  strain  on  some  of  the  individual 
parts  of  a  bridge.  For  example,  a  48  ton  engine  may  have  drivers  on 
which  there  are  16,000  lbs.  each,  while  in  a  consolidation  engine  with 
more  wheels,  the  load  may  not  exceed  12,000  lbs.  on  any  one  driver; 
and  these  engines  will  affect  the  details  of  attachment  differently. 
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It  is  to  some  ezteot  a  qnef^tion  between  specifioatioD  and  practieal 
calculations.  To  specify  the  engine  wheels  and  the  train  load  follow- 
ing is  a  comparatively  simple  matter;  it  is  done  once  Tor  all,  and 
leaves  the  onus  of  the  work  to  the  calculations.  But  without  doubt  the 
practical  calculation  is  the  consideration  which  ought  to  overweigh  the 
other,  and  the  practical  result  would  be  fairly  the  same  in  either  case. 

The  question,  therefore,  is  one  of  reducing  the  labor  of  calculations 
and  arriving  at  a  reasonable  result.  It  would  make  the  specification  a 
little  more  detailed  perhaps,  but  the  advantage  gained  would  be  quite 
worth  the  difference. 

Mr.  Vauteiet.  Jt  ^as  not  the  purpose  of  the  author  of  the  paper  to  find  a  formula 
which  would  give  the  same  results  as  the  calculations  based  upon  the 
assumption  of  one  or  two  engines  followed  by  a  train,  and  that  for 
several  reasons : 

1.  It  is  probable  that,  during  the  life  of  the  bridge,  there  never  will 
be  on  it  such  a  load  as  the  one  specified. 

*J.  If  such  a  load  as  that  specified  were  standing  on  the  bridge,  the 
actual  stresses  would  not  be  those  found  by  the  most  accurate  calcula- 
tions in  use. 

3.  Even  if  they  were  the  same,  the  stresses  produced  by  the  given 
load  when  moving  would  be  entirely  different. 

Hence  the  elaborate  calculations  made  in  most  cases  have  no  object. 
Our  knowledge  of  actual  strains  under  a  moving  load  is  very  small 
indeed.  The  bridges  already  built  according  to  static  calculations  have 
stood  ;  and  as  long  as  nothing  better  is  known,  more  attention  should  be 
given  to  design  and  less  to  calculations,  as  direct  experience  shews  that 
the  former  admits  of  much  improvement. 

In  the  formulse  given  the  coefficients  were  taken  as  follows:  Over  105 
feet,  which  is  about  the  length  occupied  by  two  consolidation  engines, 
the  total  wht^l  load  was  simply  divided  by  105,  the  result  being  oTdO. 
For  spans  between  21  and  105,  21  feet  was  assumed  to  be  about  the 
wheel  base  of  one  engine,  giving  4600  per  foot,  and  a  value  of  3-40 
was  calculated  to  make  it  correspond  with  3730  of  the  first  formula. 
There  is  nothing  scientific  about  the  process,  and  the  application  is  easy 
enough.  It  may  be  added  that  the  author  has  made  the  calculations 
for  a  large  number  of  bridges,  taking  the  wheel  load  and  the  formula, 
and  the  results  are  practically  the  same.  As  the  results  are  known  to 
be  merely  approximate,  it  cannot  be  supposed  that  a  difference  of  even 
2  per  cent,  can  be  of  any  importance. 

The  author  was  pleased  to  observe  that  Prof.  Burr  was  advocating 
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some  other  method  of  calcolatiomi,  as  he  was  one  amongst  the  first  to 
put  wheel  loads  in  practical  nse.  The  method  he  now  advocates,  how- 
ever, seems  to  have  objections.  Why  a  single  c6nc^ntratton  at  the  head 
or  in  some  other  position,  with  a  simple  uniform  load  ?  Where,  in  the 
case  of  chord  calcolations,  is  that  load  to  be  located  ?  Does  it  not  seem 
strange  to  have  that  heavy  weight  located  somewhere  on  a  bridge  when 
there  is  nothing  similar  in  a  train  ?  So  far  a  distributed  load  has  been 
taken  for  the  train,  and  why  not  take  one  for  the  engine  ?  This  would 
provide  a  load  that  would  not  be  the  actual  load,  but  that  would  have 
the  merit  of  being  a  reasonable  assumption.  Would  it  not  be  the  best 
way  for  young  engineers  who  intend  to  follow  the  profession  to  see  bridges 
built  at  the  shops  and  then  erected,  and  more  especially  to  inspect  care- 
fully old  structures  ? 

When  subsequently  engaged  in  designing  and  making  rougher  calcu- 
lations, they  might  put  only  10  erection  rivets  where  a  first-class  calcu- 
lator would  shew  12  to  be  needed  by  specifications.  But  in  their  plan 
it  would  be  poss'ble  to  drive  the  ten  rivets  and  get  a  good  job,  whereas 
out  of  the  twelve  rivets  only  6  or  8  might  possibly  be  driven.  In  fine, 
a  bridge  is  not  a  good  bridge  because  it  complies  with  a  specification  as 
to  strains.  A  bridge  is  good  because  it  has  been  well  designed  and  well 
built  with  fairly  good  material,  because  it  is  stiff,  and  because  there  is 
not  too  much  difference  between  strains  due  to  live  and  dead  load.  If 
with  those  conditions  60,000  pounds  steel  happens  to  be  strained  to 
18,000  pounds,  the  bridge  will  not  be  any  the  worse  for  it.  Most  of 
the  failures  are  due  to  bad  design,  and  many  bridges  are  much  over- . 
strained  though  they  still  stand.  In  former  times  there  was  too  much 
rule  of  thumb  method  in  bridge  calculations ;  but  now  there  seems  to 
be  too  much  calculation,  or  at  least  calculation  of  the  wrong  kind, 
and  it  would  appear  that  in  bridge  designing,  a  little  more  ezperienoQ 
and  a  little  less  theory  might  be  desirable. 


Thursday,  24tli  October. 
K.  W.  BLACKWBLL,  Member  of  Council,  in  the  Chair. 
l^per  No.  SB. 

DESIGN  AND  CONSTRUCTION  OP  THE  AVON  BEIDGB. 
By  R  F.  Uniaoke,  M.Can.SocC.E. 

The  problem  of  renewing  the  old  toll  bridge  at  Windsor,  known  as 
the  Avon  Bridge,  had  for  years  been  looked  upon  as  a  perplexing  and 
costly  uodcrtaking,  and  it  was  not  until  the  early  part  of  1886  that 
actual  steps  were  taken  by  the  Government  of  Nova  Scotia  to  take  over 
the  old  bridge,  open  it  free  to  the  public,  and  make  provision  for  its 
renewal,  when  in  the  interests  of  the  public  safety  this  should  become 
necessary. 

The  old  bridge  was  built  in  the  year  1836,  and  consisted  of  five 
spans,  varying  in  length  from  147  to  162  feet  in  clear,  supported  by 
piers  and  abutments  of  close  faced  crib  work  with  cribwork  approaches. 
The  height  of  piers  was  from  45  to  50  feet.  Ordinary  tides  rise  27 
feet,  spring  tides  34  feet.  The  trusses  were  Town's  wooden  lattice, 
double,  with  double  chords  top  and  bottom.  The  whole  of  the  trusses 
were  built  of  3"  planking, and  housed  in.  They  had  been  supplemented 
by  wooden  arches  springing  from  about  6  feet  below  the  floor ;  an 
additional  pier  had  also  been  built  under  the  centre  of  one  of  the  spans. 
The  structure  had  settled  and  warped  considerably,  in  some  places  as 
much  as  four  feet,  and  all  indications  pointed  to  the  fact  that  it  would 
soon  become  necessary  to  take  steps  for  its  renewal. 

The  structure  having  been  purchased  by  the  Provincial  Grovem- 
ment  from  the  stock  company  which  had  hitherto  owned  it,  was  at  once 
declared  free  of  toll  to  the  public  for  ordinary  traffic.  Some  repairs 
were  put  upon  it,  extra  vigilance  being  exercised  to  prevent  heavy  and 
continuous  traffic,  and  with  these  precautions  the  public  were  allowed 
the  use  of  it,  until  such  a  time  as  the  progress  of  the  new  work  would 
render  it  necessary  to  close  it  altc^ther. 

The  question  of  renewing  the  bridge  having  been  decided  upon,  it  was 
next  to  be  determined  what  style  of  structure  should  be  erected. 

Besides  the  plan  selected,  two  designs  were  submitted.  One  was  for 
four  spans  of  iron  200  feet  each  between  end  pins,  supported  by  piers 
and  abutments  of  close-faced  cribwork  filled  with  concrete ;  roadway 
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18  feet  in  clear  with  two  footways  5  feet  each ;  eBtimated  cost  $56,000. 
The  secoad  design  was  for  four  spaas  of  Howe  truss  of  wood,  160  feet 
each,  and  two  smaller  spans  of  wood,  120  feet  and  50  feet  respectively, 
piers  to  be  of  olose-faoed  cribwork  filled  with  stone,  estimated  cost 
$36,0ii0. 

The  first  would  have  made  a  strong  and  handsome  structure,  bat  the 
cost  was  considered  excessive.  The  plan  for  a  structure  altogether  of 
wood  was  strongly  advocated  by  adherents  of  the  old  system,  who  argued 
that  since  the  old  wooden  bridge  had  stood  so  long,  a  similar  stracture 
would  answer  all  requirements.  This  view  at  first  sight  seemed  reason- 
able  enough ;  but  when  we  consider  the  fact  that  the  bridge  had  in  it9 
lifetime  undergone  a  series  of  repairs  and  additions,  and  that  such  costly 
repairs  together  with  the  first  cost  of  the  bridge  would  go  for  naught 
in  considering  its  reconstruction,  it  was  not  thought  desirable  in  view  of 
the  experience  of  the  past  to  project  a  similar  experience  into  the 
future. 

Before  taking  up  and  describing  the  supplementary  and  adopted  plan, 
it  may  be  as  well  to  state  some  of  the  reasons  why  a  masonry  substruc* 
ture  did  not  enter  into  the  calculations.  The  experience  gained  in  this 
Province,  from  bridges  built  across  tidal  estuaries  of  the  Bay  of 
Fundy,  goes  to  shew  that  masonry  structures  built  in  these  places  have 
invariably  proved  failures,  whereas  old  bridges  that  have  been  built  of 
cribwork,  as  far  as  the  piers  are  concerned,  have  stood  firm  and  sound, 
without  appearance  of  decay  below  high  water  mark,  for  half  a  century. 
A  most  striking  example  of  the  failure  of  masonry  is  close  to  this  bridge 
in  the  Windsor  and  Annapolis  Bailway  Bridge,  crossing  the  Avon 
Biver  a  few  hundred  feet  up  stream.  This  is  a  rivetted  iron  lattice 
bridge  of  the  English  type,  with  river  spans  166  feet  centre  to  centre 
of  piers.  The  piers  were  completed  in  the  year  1869,  and  are  of 
r^nlar  coursed  ashlar  masonry.  Since  that  time  several  thousand 
dollars  have  been  expended  on  them  in  repairs.  The  face  stones  had 
been  connected  by  iron  dogs  or  clamps,  which  had  not  prevented  the 
destructive  process  which  was  threatening  the  stability  of  the  structure ; 
the  effect  of  tides  and  frost  each  year  became  more  apparent,  the  pier9 
became  cracked,  these  cracks  seeming  to  extend  completely  through 
them  so  that  they  were  considered  unsafe,  and  were  condemned  by  the 
Provincial  Government.  The  Sailway  Company  has  surrounded  these 
piers  with  dose-faced  cribwork,  leaving  a  clear  space  of  about  3  feet  all 
round,  which  space  was  filled  with  concrete,  and  iron  rods  passed 
through  the  piers  outside  to  outside,  making  a  permanent  and  substantial 
work,  though  somewhat  detracting  from  the  appearance  of  the  structure. 


274  Uniache  on  Avon  Bridge. 

Precisely  the  same  oourse  was  adopted  on  the  Intercolonial  Railway 
bridge  at  Sackville,  N.B.,  and  extensive  repairs  and  renewals  have  been 
made  on  the  piers  of  the  railway  bridge  across  the  Shubenaoadie,  both 
tidal  rivers  of  the  Bay  of  Fnody. 

These  and  other  examples,  together  with  the  excessive  cost,  precluded 
the  adoption  of  masonry. 

The  form  of  the  structure  as  adopted  and  built  may  be  described  as 
follows :  Beginning  at  the  Windsor  side  was  a  small  span  of  iron,  50 
feet  centre  to  centre  of  end  pins,  then  four  spans  of  159  feet  each,  and 
a  shore  span  on  the  Falmouth  side  of  110  feet.  There  were  five  piers 
placed  162  feet  centre  to  centre,  each  pier  consisting  of  two  cylindrical 
columns  of  5  feet  inside  diameter  19'  4"  apnrt  centre  to  centre, 
built  of  steel  plates  f "  in  thickness,  the  joints  both  vertical  and  hori- 
zontal butted  together  and  connected  by  steel  bands  4t^"  x  %*'  rivetted 
on  the  outside.  The  bottom  of  each  column  was  provided  with  a  flange 
turning  outwards,  formed  by  bending  a  3"  ^  4"  angle  iron  and  rivetting 
it  on.  This  bottom  flange  in  each  instance  rested  upon  the  bed  rock. 
The  distance  from  a  little  above  low  water  to  the  underside  of  the  cap 
was  divided  into  three  spaces  by  four  horizontal  struts,  each  strut  con- 
sisting of  two  laced  channels  abutting  against  the  columns,  and  secured 
by  connecting  plates ;  pins  were  placed  in  the  ends  of  each  strut,  and 
all  connected  with  If"  round  iron  rods  with  tumbuckle  adjustment. 
Each  pair  of  columns  was  enclosed  up  to  2  feet  above  low  water  with  a 
cribwork  of  square  timber  20'  x  40'  outside  measurement.  Spaces 
8'  X  8'  were  left  in  the  cribwork,  where  the  columns  would  come,  and  these 
spaces  together  with  the  cylinders  themselves  were  filled  to  the  top  with 
concrete ;  the  remaining  voids  in  the  cribs  were  filled  with  stone.  Each 
column  was  capped  by  a  circular  plate  and  an  ornamental  casting  i^ftna 
recta.  Two  12"  rolled  beams,  60  lbs.  per  foot  each,  extended  across 
the  columns  secured  to  the  caps,  and  upon  these  beams  rested  the  bed 
plates  of  the  trusses. 

To  protect  the  sway  bracing  against  the  heavy  ice  floes,  a  system  of 
sheathing  was  built  between  the  columns,  enclosing  the  rods  and  struts 
on  each  side  from  high  water  down  with  4"  plank,  placed  vertically,  and 
bolted  through  and  through,  wooden  struts  being  placed  at  intervals 
between  them  to  keep  the  planking  the  right  distance  apart.  As  a 
further  precaution,  extra  cribwork  with  stone  filling  was  built  up,  the 
same  section  as  before,  to  the  second  horizontal  strut,  or  26  feet  below 
the  floor  of  the  bridge. 

The  height  of  each  pair  of  columns  from  finished  floor  of  bridge  to 
surface  of  rock  foundation  as  built  was : — 
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Pier  No.  1 47.36' 

"        2 69.84' 

3 49.65' 

*'        4 53.94' 

5 55.63' 

The  oolumns  varied  slightly  in  height,  that  given  being  the  average 
height  of  each  pair. 

The  cribs  were  built  on  shore,  and  suflBlcient  ballast  placed  in  them  to 
partially  submerge  them.  They  were  then  towed  to  their  place,  and  all 
the  voids  except  those  reserved  for  the  columns  were  filled  with  stone  at 
time  of  low  water. 

The  bed  rock  extends  across  the  stream ;  in  some  places  it  is  bare,  at 
others  it  is  covered  with  fix>m  two  to  six  feet  of  mud  and  silt.  Means 
bad  been  provided  for  removing  this  deposit  from  within  the  cribs,  but 
this  was  not  found  necessary,  for  when  the  cribs  were  once  placed  in 
position,  the  increased  tidal  current  caused  by  contracting  the  water- 
way completely  scoured  this  loose  material  out,  leaving  the  rock  bare, 
and  any  loose  stones  or  detached  boulders  were  removed  by  grapnels. 

Aa  an  additional  precaution  against  any  tendency  of  the  cylinders  to 
slide  on  the  rock,  it  was  determined  to  secure  them  by  iron  dowels. 
I^ine  of  these  wore  used  in  each  column.  A  rough  fioor  was  placed 
across  the  crib,  and  the  exact  position  of  each  cylinder  marked  upon  it ; 
auger  holes  were  bored  as  guides,  and  the  rods  of  two  inch  round  iron 
tempered  at  the  end,  and  fashioned  to  a  rock  drill  point,  were  jumped 
into  place.  No  difficulty  was  found  in  thus  drilling  three  feet  into 
tbe  rock,  leaving  about  five  feet  projecting. 

At  this  stage  preparations  were  made  for  lowering  the  bottom  sec- 
tions into  place.  The  lengths  of  these  sections  as  shipped,  vary  from 
9^  to  23^  feet.  The  roof  and  side  covering  had  by  this  time  been 
removed  from  the  old  bridge,  and  overhead  braces  were  secured  strong 
enough  to  take  the  weight  of  sections,  which  were  lowered  into  place 
through  the  floor  by  block  and  tackle.  A  wooden  cross-head  was  fixed 
to  the  top  of  each  section,  the  centre  marked  on  it^  and  the  cylinder  accu- 
rately centred  by  means  of  a  suspended  plumb  bob.  The  section  wa^ 
secured  by  wooden  shores  against  the  inside  of  the  crib,  and  everything 
was  now  ready  for  the  concrete  fiUing.  The  materials  for  this  were 
brought  alongside  in  a  scow.  The  mode  of  laying  the  concrete  aa 
practised  here,  in  from  five  to  twelve  feet  of  running  water,  is  a  some- 
what novel  experiment,  and  the  success  which  attended  it  in  this  case, 
will  lead  to  its  adoption  in  other  instances  in  this  province. 
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This  point  has  been  referred  to  by  Mr.  Murphy  in  his  paper 
on  Oonorete  Structures,  read  before  this  Society ;  *  but  a  more 
detailed  account  of  it  will  perhaps  be  in  keeping  with  the  sub- 
ject of  this  paper.  Ooarse  brown  paper  bags,  well  stiffened  with 
glucose,  of  a  capacity  of  two  cubic  feet,  were  employed.  A 
small  wooden  tray,  suspended  on  trunnions  at  the  end  of  a  pole,  was 
used,  and  could  be  tipped  at  any  position  by  the  workman  guiding  the 
pole  by  a  cord  attached  to  the  back  of  the  tray.  The  bag  was  placed 
upon  the  tray,  and  about  one  cubic  foot  of  concrete  placed  in  it,  the 
superfluous  paper  being  roughly  folded  down.  The  whole  was  raised 
from  above  by  a  rope  attached  to  the  handle,  guided  into  place  by  a 
man  standing  on  a  plank  placed  across  the  top  of  section,  and  tipped  at 
the  proper  time.  This  operation  was  repeated  very  quickly,  the  paper 
dissolving  and  breaking  up  almost  as  soon  as  the  bottom  was  reached, 
allowing  the  concrete  to  flow  into  any  cavities  or  irr^ularities  in  the 
rock  under  the  cylinder,  and  forming  a  level  bed  of  concrete.  This 
operation  was  continued  until  the  cylinders  were  filled  to  within  a  foot 
or  two  of  the  bottom  lateral  strut,  and  the  voids  around  them  filled  to 
the  top  of  cribs. 

As  soon  as  a  pair  of  bottom  sections  were  secured  in  place,  levels 
were  taken  on  the  top  of  them,  and  the  exact  height  from  the  top  of 
each  to  finished  fioor  was  at  once  sent  to  the  Dominion  Bridge  Co.,  con- 
tractors for  the  iron  work,  thus  enabling  them  to  send  the  proper  length 
of  sections  to  complete  the  columns.  The  same  operation  was  performed 
for  each  of  the  foundations,  the  concrete  gang  being  on  hand  as  soon 
as  the  iron  men  had  placed  the  bottom  sections  in  position. 

Before  the  cribs  were  all  set,  the  Falmouth  span  at  the  shore  end 
caught  fire  and  soon  dropped  into  the  river,  the  trusses  breaking  off  at 
ihe  pier,  and  the  burning  mass  floating  downstream  with  the  tide.  Up 
to  this  time  the  public  had  the  use  of  the  old  bridge.  Our  located 
points  for  pier  No.  5  were  of  course  gone,  and  a  quick  and  ready  means 
had  to  be  adopted  for  setting  these  cylinders  in  proper  position.  This 
was  effectually  done  by  means  of  steel  wires  lined  in  position  over  centre 
of  each  cylinder.  Two  plus  points  were  measured  as  far  as  convenient 
on  the  old  floor;  the  distance  to  the  abutment  was  about  160  feet,  and 
we  had  51  feet  to  centre  of  new  pier.  These  distances  were  first  care- 
fully laid  out  on  the  old  floor,  and  the  points  fixed  on  the  wire  which  was 
stretched  clear  off  the  floor  with  a  plummet  attached  at  this  point,  and 

•  Concrete  as  a  Substitute  for  Masonry  in  Bridge  Work,  by  M.  Murphy, 
Transactions.  Vol.  II.,  Page  79,  Feby.,  1888. 


Uniaeke  'on  Avon  Bridge.  277 

giving  the  wire  the  same  carve  it  would  have  in  its  proper  poBition. 
The  wires  were  next  drawn  aoross  the  opening,  with  plummet  attached, 
brought  to  the  same  sag  and  made  fast.  This  was  done  on  a  calm  night, 
and  proved  an  accurate  means  of  settins>  these  columns. 

The  cribs  for  piers  Nos.  4  and  5  were  built  larger  than  the  rest,  being 
61  X  30  feet  outside  measurement.  Shears  had  been  erected  on  the  last 
crib  for  handling  the  sections.  Through  some  accidental  cause  a  portion 
of  the  ballast  had  fallen  into  the  voids  of  this  crib  reserved  fur  the  columns 
and  it  became  necessary  to  employ  a  diving  crew  to  remove  them. 
With  this  exception,  the  operation  of  setting  the  bottom  sections  as  pre- 
viously described  was  performed  for  each  of  the  piers. 

The  time  of  setting  these  sections  was  as  follows : 

1887 


Pier  No. 

1, 

July 

19th, 

« 

2, 

(( 

25th, 

<( 

3, 

« 

28th, 

u 

4, 

Aug. 

9th, 

« 

6, 

(( 

19th, 

Two  periods  of  low  tide  were  generally  sufficient  for  setting  these 
sections.  The  first  tide  was  suffi'iient  for  a  pair  of  them  to  be  lowered , 
and  they  were  secured  and  centred  at  the  next. 

The  foundations  by  this  time  were  all  ready  for  the  iron  men  to 
proceed  with  their  work  of  completing  the  columns  and  connecting  the 
sw  ly  bracing  ;  but  owing  to  unfortun  ite  delays  caused  by  unforeseen 
difficulties,  the  remainder  of  the  iron  did  not  arrive  on  the  ground  until 
late  in  the  fall.  The  process  of  building  on  tho  sections  proceeded  with 
encray ;  the  sway  bracing  was  connected,  and  concrete  filling  followed 
on  as  fast  as  each  section  was  rivetted.  Cold  weather  suddenly  came, 
and  with  it  a  run  of  ice  in  the  river.  Piers  Nos.  1,  2  and  3  had  been 
completed  and  filled  with  concrete  up  to  high  water,  pier  No.  4  par- 
tially finished,  but  pier  No.  5  had  to  be  abandoned  without  any  bracing 
or  concrete  filling,  above  low  water.  Urgent  efforts  were  made  to  get 
these  finished,  but  with  the  river  now  almost  blocked  with  fioating  ice, 
the  men's  lives  were  in  danger,  and  the  work  had  to  be  left,  not,  however, 
till  the  50  feet  span  had  been  swung,  and  two  sets  of  false  work  for  the 
next  span  had  been  carried  away.  Attempts  to  get  the  sheathing  in 
place  failed,  but  some  additional  protection  of  round  timber  had  been 
built  around  the  cylinders. 

The  columns  were  now  left  in  a  seemingly  precarious  condition,  with- 
out the  trusses  to  stiffen  them  longitudinally,  the  cross  bracing  exposed 
to  heavy  ice  fioes,  which  could  strike  them  obliquely  with  the  force  of 
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the  rushing  tide,  and  some  of  them  only  partially  filled  with  concrete,  or 
not  at  all. 

The  winter  months  passed,  and  the  proverbial  oldest  inhabitant  failed 
to  recollect  larger  or  more  con  tin  nous  floes  of  heavy  ice  than  the  Avon 
river  experienced  daring  that  time.  When  spring  came,  it  was  found 
that  pier  No.  4  had  experienced  some  dents  above  the  concrete  filling, 
and  one  of  the  tie  rods  was  broken.  Pier  No.  5,  which  had  no  bracing 
or  concrete  filling,  was  partially  demolished,  the  rest  stood  firm  and  per- 
fectly tme.  This  might  fairly  be  considered  a  prettv  severe  test,  and  a 
fiofficient  answer  to  mach  adverse  criticism  on  the  adaptability  of  such 
a  structure  for  the  Avon  River. 

Operations  were  resumed  in  the  month  of  May,  and  prosecuted  to 
completion.  The  injuries  to  the  columns  had  been  repaired,  the  miss- 
ing plateti  replaced  and  filled  to  the  top  with  concrete.  The  work  pro- 
ceeded with  rapidity,  and  the  last  span  was  swung  in  the  first  week  in 
July.     Soon  afterwards  the  bridge  was  opened  for  traffic. 

The  superstructure  is  the  ordinary  type  of  American  pin-connected 
Pratt  truss  with  an  ornamental  iron  lattice  hand  railing  on  each  side. 
The  specifications  were  the  same  as  generally  adopted  under  the  Nova 
Scotia  Bridge  Act  for  iron  bridges,  with  special  clauses  and  modifications 
to  suit  this  particular  case,  and  as  they  woald  present  nothing  new  it 
will  not  be  necessary  to  reproduce  them  here,  beyond  a  few  of  the 
principal  requirements. 

One  span  50  feet  between  end  pins. 

Number  of  panels  5. 

I>epth  of  truss,  8  feet. 

Four  spans  159  feet  each  between  end  pins. 

Number  of  panels,  10. 

Depth  of  trusses,  22  feet. 

One  span  1 10  feet  between  end  pins. 

Number  of  panels,  7. 

Depth  of  truss,  22  feet. 

Boadway  throughout  18  feet  in  clear. 

No  footways. 

Boiling  load  1,350  lbs.  per  lineal  foot,  or  75  lbs.  per  square  foot  of 
roadway. 

Ultimate  tensile  strength  of  iron  at  least  50,000  lbs.  per  square  incb, 
an  elastic  limit  not  less  than  26,000  lbs.  per  square  inch,  and  a  mini- 
mum elongation  of  20  per  cent  in  8  inches.  Tensile  strain  produced 
in  any  member  not  to  exceed  10,000  lbs.  per  square  inch.     Working 
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strain  reduced  on  counters,  hip  verticals  and  beam  hangers.  Working 
compressive  strain  not  to  exceed  8,000  lbs.  per  square  inch  reduced 
by  formula. 

The  cylinders  were  to  be  put  tc^ther  in  sections  of  not  greater 
length  than  8  feet  of  §-in  boiler  plate  hot  rivetted,  no  screw  bolts  to  be 
allowed  in  connecting  the  sections.  On  top  of  each  pair  of  cylinders 
there  were  to  be  two  rolled  I  beams,  12  inches  in  depth,  60  lbs.  per 
foot  each,  with  plates  and  stiffening  T's  to  support  trusses. 

Considerable  work  was  done  on  the  approaches.  The  old  abutment 
on  the  Windsor  side  was  cut  down  to  the  foundation,  and  rebuilt.  The 
floor  in  the  approaches  is  supported  by  trestles  resting  on  the  old  work 
at  about  high  water  level,  and  has  a  grade  of  1  in  20. 

The  iron  superstructure,  tocrether  with  the  columns,  was  contract 
work,  and  was  built  by  the  Dominion  Bridge  Co.,  Engineers  and 
Contractors,  Montreal.  The  preparation  of  the  found  tions,  cribwork, 
concrete  filling,  together  with  the  work  on  the  approaches,  was  all  per- 
formed by  day  work,  under  Government  superintendence. 

Supplying  material,  such  as  sand,  gravel,  stone  and  timber,  was 
generally  let  by  contract,  the  contractor  delivering  the  material  at 
the  bridge  site  as  required. 

A  contract  was  also  let  for  building  additional  cribwork  around  the 
cylinders  up  to  within  26  feet  of  floor. 

Total  cost  op  work. 

Erection  of  iron  superstructure  and  columns $32190 

Substructure  (days  work) 16395 

Sheathing  cribs  and  removing  old  piers  (contract)    1760 


$50345 


In  looking  at  the  cost  of  this  work,  it  must  be  remembered  that  the 
circumstances  here  were  anything  but  favorable  to  making  a  good 
showing  with  a  crew  of  men  in  a  short  time.  Men  were  at  their  post 
night  and  day,  whenever  the  tide  permitted,  but  could  not  work  more 
than  three  hours  at  the  most  before  having  to  make  everything  fast, 
and  get  ashore  when  the  flood  tide  came.  High  wages  had  to  be  paid, 
as  otherwise  men  could  not  be  induced  to  work  broken  time  in  the  wet 
and  mud.  Experienced  foremen  were  employed,  who  ever  kept  a  sharp 
lookout  for  the  safety  of  the  men,  as  well  as  to  sec  that  each  performed 
his  f^U  share  of  the  work  in  a  skilful  and  workmanlike  manner,  and  it 
is  a  happy  feature,  that  although  the  work  was  prosecuted  at  all  hours 
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of  the  day  and  night,  in  a  dangerous  locality,  especially  when  the  cold 
weather  set  in,  not  an  accident  or  fatality  occurred. 

The  bridge  as  now  completed,  is  in  general  appearance,  such  as  to 
satisfy  the  most  sceptical,  and  is,  to  the  casual  observer,  the  most  elegant 
structure  of  the  kind  in  this  province.  To  the  eye  of  the  engineer  it 
is  bold  and  strong,  each  detail  being  designed  to  add  strength  where  it 
is  most  needed.  The  columns  have  a  graceful  and  finished  appear- 
anoe,  the  workmanship  is  all  that  can  be  desired,  and  standing  side  by 
side  with  the  English  lattice  railway  bridge,  the  two  bridges  present 
striking  examples  of  the  European  and  American  practice. 

From  the  drawings  accompanying  this  paper  Plate  XII  has  been 
prepared. 


DISCUSSION. 

The  author  deserves  the  thanks  of  the  members  of  the  Society,  for  Mr.  m.  j.  Batter, 
presenting  an  interesting  description  of  a  class  of  work  that  will  be  of 
more  common  occurrence  as  the  country  grows  older  and  richer,  viz. 
the  substitution  of  steel  and  iron  for  wood.  The  building  of  perma- 
nent work  in  the  place  of  temporary  structures  will  no  doubt  follow 
rapidly  now  that  iron  and  steel  of  excellent  quality  are  being  produced 
cheaply,  whereas,  with  the  decrease  in  quantity,  the  price  of  timber 
keeps  steadily  increasing. 

The  Town  Lattice  Bridge,  when  roofed  over,  was  an  excellent  type 
of  wooden  bridge  and  gave  great  satisfaction.  There  is  one  of  80  feet 
span  at  Napanee,  Ontario,  which  was  built  in  1840,  and  is  still  in  good 
order,  the  timber  being  perfectly  sound. 

The  type  of  pier  selected  for  the  Avon  Bridge  is  one  very  much 
used  in  the  Western  States,  where,  owing  to  deep  mud,  it  is  often  diffi- 
cult to  get  good  foundations,  the  practice  being  to  drive  piles  and  fill 
in  with  concrete.  Of  course  the  difficulty  of  getting  good  stone  has  a 
great  deal  to  do  with  the  adoption  of  iron  and  concrete  piers. 

It  would  seem,  however,  in  the  case  under  consideration,  that  it 
would  be  better  to  have  had  each  pier  in  one  piece,  with  ice  breakers 
at  each  end  in  the  shape  of  cutwaters,  similar  in  form  to  those 
adopted  for  the  pier  of  the  New  Hawksbury  Bridge  in  New  South 
Wales.  The  cost  would  have  been  very  nearly  the  same,  while  there 
is  no  doubt  that  the  single  pier  would  be  stronger  and  safer. 

It  seems  to  the  writer  a  mistake  to  build  such  an  important  bridge, 
on  a  specification  of  75  lbs.  to  the  ^square  foot  of  roadway,  for  the 
following  reasons : — 

(1)  All  bridges  are  liable  to  the  passage  of  heavy  traction  engines^ 
concentrating  from  four  to  eight  tons  on  two  pair  of  wheels,  seven  feet 
centre  to  centre,  to  the  passage  of  road  rollers  of  the  Aveling  &  Porter 
type,  which  weigh  from  ten  to  twelve  tons,  or  to  exceptionally  heavy 
loads  of  machinery,  stone,  etc. 

(2)  The  items  that  go  to  make  up  the  cost  of  a  bridge  may  be 
roughly  divided  as  follows  : — 

•a.  Raw  Material,  rolled  plate  iron  55  per  cent 
h.  Work  on  same  in  the  shop  15         ^' 

c.  Transportation  3        ^' 

d.  False  Works  and  erection  12        *' 

e.  Profit  and  Administration  15        '' 
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Of  the  above  (a)  would  be  affected  by  providing  for  a  greater  load, 
(b)  scarcely  at  all,  (c)  to  a  slight  extent,  (d)  not  at  all,  (e)  pro- 
bably not  at  all  if  competition  is  close. 

To  provide  for  100  lbs.  per  square  foot  of  roadway,  and  design  the 
trusses  accordingly,  next  to  calculate  the  floor  beams,  hangers,  etc.,  on 
the  assumption  that  a  road  roller  is  to  pass  over  them,  would  pro- 
bably have  added  about  10  per  cent,  to  the  cost  of  the  superstructure, 
but  would  have  given  a  bridge  that  would,  in  all  likelihood,  have  lasted 
forever,  if  painted  at  intervals. 

Mr.  E.  A.  Hoare.  With  reference  to  the  cracks  which  threatened  the  destruction  of  the 
piers  in  the  Windsor  and  Annapolis  Eailway  bridge  and  other  bridges 
over  tidal  rivers  of  the  Bay  of  Fundy,  can  the  author  state  if 
those  cracks  were  confined  to  the  cement  joints  only,  or  if  they 
extended  through  stone  and  cement  alike  ?  And  will  the  author  also 
state  the  nature  of  the  stone  used  in  the  localities  mentioned  ?  Did 
the  stonework  shew  signs  of  decomposition  and  general  disintegration 
as  well  as  fracture  ?  As  the  incomplete  piers  were  subjected  to  such  a 
severe  winter's  test  as  described,  and  that  without  shewing  any  serious 
signs  of  destruction,  it  would  be  interesting  to  know  the  approxiniate 
thickness  of  the  ice  which  formed  at  the  time  mentioned,  and  its 
velocity  of  flow. 

Mr.  DenniBoo.  Why  is  it  that  the  stone  piers  seemed  to  fail  more  in  this  particular 
river  than,  for  instance,  in  the  St.  Lawrence,  or  any  other  river  subjected 
to  ice  floes  ?  Would  the  result  be  the  same  if  iron  were  used  ?  Was 
the  timber  protected  by  creosoting  or  otherwise  ? 

Mr.  Biackweii.  Mr.  Blackwell  imagined  the  selection  of  stone  might  be  the  cause  of 
the  trouble.  Besides,  stone  absorbed  water,  and  the  action  of  the  salt 
in  the  tidal  rivers  of  Nova  Scotia  was  terribly  severe  on  bridges.  There 
did  not  appear  to  be  any  iron  exposed  to  the  action  of  the  salt  water  in 
this  bridge. 

Mr.  Irwin.  The  author  will  no  doubt  reply  to  the  questions  put  by  Mr.  Hoare. 

It  would  be  interesting  also  to  know  whether  the  water  was  very 
salt.  From  the  paper  there  appeared  to  be  a  large  amount  of  cross- 
bracing,  etc.  Perhaps  the  cracks  in  the  stones  were  caused  by  the 
scouring  round. 

Mr.Doggan.  The  fact  that  the  piers  were  still  standing  showed  then  the  water 

was  not  very  salt.  The  teredo,  however,  was  very  prevalent  in  the 
locality. 
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The  two  columns  were  referred  to  as  being  cased  in  brick  work  and  Mr.Denniioii 
filled  in  with  cement. 

Steel  f "  thick  would  not  stand  the  chemical  action  of  the  salt  water.  *^-  BUekweU 
Perhaps  he  did  not  understand  the  drawing  correctly,  but  it  seemed  to 
him  the  columns  were  not  exposed  to  the  action  of  the  water.  The 
columns  were  between  high  and  low  water  mark.  The  crib  work 
extended  to  above  low  water  mark.  He  thought  §"  steel  would  not 
stand  long  in  such  a  position.  If  any  one  from  the  United  States  was 
present,  it  would  be  interesting  to  have  some  information  about  these 
tidal  rivers,  in  some  of  which  there  was  a  tide  of  from  25  to  40  ft. 

Mr.  Whited  said  it  was  to  be  regretted  that  more  information  was  Mr.  wwted. 
not  forthcoming.  The  superstructure  was  built  by  the  Dominion  Bridge 
Co.  in  Toronto*  The  columns  were  about  as  simple  as  they  could  be 
made,  and  were  correctly  described.  They  were  made  off"  steel  plate, 
and  as  the  author  gave  no  details  whatever  of  the  iron  work  except  a 
few  extracts  from  the  specification,  there  was  little  chance  for  discus- 
sion on  that  subject,  as  it  seemed  hardly  correct  to  bring  in  points 
altogether  foreign  to  the  paper, 

Mr.  Blackwell  said  the  question  of  stone  was  spoken  of.     The  piers  Mr.  BiaokwelL 
of  other  bridges  made  of  stone  had  failed,  which  had  led  to  the  adoption 
of  the  iron  columns  in  this  case. 

Iron  columns  were  often  used  in  the  Western  States,  as  the  author  Mr.  vmtod. 
of  a  recent  paper  had  said,  the  principal  reason  being  that  where  the 
load  was  not  heavy,  as  in  short  railway  and  highway  spans,  they  were 
much  cheaper  than  masonry.  Besides,  the  difficulty  of  laying  ashlar 
masonry  in  a  situation  like  this  was  very  great.  It  was  the  common 
practice  when  putting  in  iron  columns,  to  fill  them  solid  with  concrete, 
of  a  kind  that  would  resist  the  strain  and  stand  the  weather  and  any 
other  destructive  agency  that  might  be  presented,  so  that  when  the 
iron  work  (which  it  was  impossible  to  paint)  rusted  away  there  would 
remain  a  solid  column  of  concrete.  Referring  to  the  beams  resting  on 
the  top  of  these  columns,  they  would  find  from  the  drawing  that  the 
bearing  of  the  beams  on  the  steel  columns  themselves  was  very  slight, 
indeed  wholly  inadequate.  It  was  evident  then  that  they  were  intend- 
ed to  rest  on  the  concrete  and  not  on  the  steel.  The  beams  extended 
only  an  inch  or  two  over  the  side  of  the  columns,  whereas,  if  intended  to 
rest  on  the  steel,  they  should  be  over  at  least  6  inches.  The  specifica. 
tions  provided  for  iron  only,  with  a  minimum  ultimate  strength  of 
50,000  lbs.,  and  elastic  limit  of  26,000  lbs.  per  square  inch. 
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In  large  sections  it  was  very  difficult  to  get  good  iron  with  as  high  an 
ultimate  strength  as  50,000  lbs.  A  great  many  engineers  were  not  aware 
of  the  fact,  that  some  very  poor  iron  was  a  good  deal  higher  in  ultimate 
strength  than  the  very  best  iron.  He  had  tested  iron  that  went  as 
high  as  63,000  and  54,000  lbs.,  but  which  would  not  be  used  in  any 
kind  of  structure,  and  was  literally  worthless.  Allowance  should  be 
made,  in  specifying  the  strength  of  iron,  for  smaller  stresses  in  large 
sections.  He  would  not  favor  specifying  anything  like  50,000  lbs. 
ultimate  strength,  because  the  only  practical  way  to  get  it  was  to  use 
some  cold  short  iron  that  should  not  be  put  into  any  structure.  The 
elastic  limit  would  probably  be  high  enough,  though  he  had  tested 
some  very  poor  specimens  of  iron  with  an  elastic  limit  as  high  as 
35,000  lbs.  In  framing  specifications  for  iron,  it  would  be  advisable 
to  provide  a  maximum  as  well  as  a  minimum  test  for  strength,  although 
the  elongation  provided  for  that.  The  real  fact  of  the  matter  was, 
that  if  a  bridge  of  this  kind  were  built  mostly  of  steel,  it  was  much 
better  in  many  respects  than  if  made  of  iron.  In  the  use  of  iron  and 
steel  for  bridges  it  was  well  known  that,  where  angle  bars  and  channel 
bars  were  used,  there  was  always  more  or  less  danger  of  imperfect 
longitudinal  welding,  or  of  bending  at  centre  of  channel.  In  the 
experience  of  the  Dominion  Bridge  Co.,  this  difficulty  was  overcome 
by  using  steel. 

The  reliability  of  steel  was  at  least  as  great  as  that  of  iron,  that  is  to 
say,  there  were  as  few  flaws  in  steel  in  every  shape  as  in  iron.  In  fact 
they  generally  looked  more  for  flaws  in  iron  than  in  steel.  Iron  deve- 
loped weaknesses  and  bad  defects,  while  on  the  other  hand  steel  was 
improving.  By  specifying  a  mild  quality  of  steel  not  over  65,000 
lbs.  ultimate  strength,  a  steel  that  was  tough  and  reliable  would  be 
obtained.  Of  course  by  paying  a  high  price  and  procuring  Lowmoor^ 
Bowling  or  Swedish  iron,  it  could  be  obtained  as  reliable  as  steel,  but 
the  latter  was  stronger  and  as  reliable  as  any  grade  of  iron  one  could 
afford  to  buy.  In  rolling  complicated  shapes  like  channel  bars  and  I 
beams,  it  seemed  practically  impossible  in  the  rolling  mill  to  work  in  as 
good  a  grade  of  iron  as  could  be  got  in  square  rods.  If  a  good  grade 
of  iron  was  used  it  was  liable  to  longitudinal  flaws,  not  always  appa- 
rent, but  at  least  incipient  in  a  good  many  cases.  In  designing 
engineering  structures,  the  engineer  sometimes  lost  sight  of  the  cost  of 
his  structure.  At  the  present  time  an  excellent  grade  of  steel  could  be 
obtained  for  about  the  same  price  as  a  good  grade  of  iron . 

Kr.  Uniacko.        In  reply  to  the  remarks  of  Mr.  M,  J.  Butler^  the  iron  bridges  in  this 


Discussion  on  the  Avon  Bridge.  285 

Proyince,  built  under  ihe  Nova  Scotia  Bridge  Aot,  have  as  a  rule  been 
proportioned  for  a  rolling  load  of  80  lbs.  per  square  foot,  or  1200  lbs. 
per  lineal  foot  for  those  of  15  feet  roadway,  whioh  was  the  usual 
width.  The  Avon  Bridge  was  proportioned  for  a  rolling  load  of  1350 
lbs.  per  lineal  foot  for  an  18  foot  roadway,  and  the  greater  length  of 
span  would  be  in  favor  of  reducing  the  rolling  load.  A  road  roller, 
such  as  Mr.  Butler  describes,  would  be  very  little  in  excess  of  our  cal- 
culated load  at  one  panel  point,  and  a  procession  of  such  rollers  would 
not  strain  the  iron  beyond  from  10,000  to  12,000  lbs.  per  square  inch, 
even  taking  them  at  points  16  feet  apart.  The  floor  beams  and  beam 
hangers  were  specified  for  an  increased  strain  of  50  per  cent.,  the 
working  strain  was  also  reduced  on  counters,  center  ties  and  center 
posts.  To  calculate  for  100  lbs.  per  square  foot  would  increase  the 
strains  and  sections  by  about  30  per  cent.  An  increase  of  cost  of  10 
per  cent.,  as  Mr.  Butler  puts  it,  would  be  a  very  low  estimate  for 
such  an  increase  of  section. 

The  stones  themselves  remained  intact,  but  were  forced  outward  by 
the  freezing  of  water  absorbed  into  the  piers  at  high  water.  The  stone 
used  was  freestone  and  granite,  and  shewed  no  signs  of  decomposition, 
disintegration  or  fracture.  The  flow  of  ice  in  this  river  is  in  irregular 
shaped  masses,  from  3  to  6  feet  in  thickness,  carried  back  and  forth  by 
the  return  and  flow  of  the  tide,  discolored  by  sediment,  and  from  strand- 
ing on  mud  flats,  firiabl^,  and  flowing  from  five  to  six  miles  an  hour. 

Stone  piers  have  failed  more  particularly  in  this  instance,  &om  the 
fact  that  the  tides  rising  and  falling  30  feet  leave  them  alternately 
wet  and  dry.  The  water  will  in  time  find  its  way  under  pressure  into 
the  masonry,  and  it  is  the  constant  immersion  and  freezing  which 
IS  so  destructive.  Ice  flows  did  not  destroy  the  piers.  Hemlock 
and  spruce  timber  was  used  without  any  creosoting  or  other  preservative. 

Mr.  Blackwell  is  right  in  his  surmises.  The  cribwork  had  been 
carried  up  higher  than  shewn  in  the  drawing,  and  the  columns  are 
now  only  directly  exposed  to  the  action  of  salt  water  during  the  period 
of  high  tide. 

Mr.  Irwin  thinks  there  is  a  large  amount  of  cross  bracing,  etc.  This 
is  true,  but  as  the  extraneous  forces  acting  on  the  piers  are  uncertain 
and  fitful,  extra  bracing  was  put  in  to  withstand  them,  and,  taken 
together  with  the  additional  cribwork  and  sheathing,  the  two  columns 
are  practically  one  up  to  high  water  mark. 

At  low  water,  the  flow  of  the  river  is  fresh  water ;  at  high  tide  the 
water  is  salt,  but  mixed  with  a  large  quantity  of  fresh  water.     The 
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water  is  not  clear,  bat  carries  a  large  amount  of  sediment  at  all  stages 
of  tide.    No  scour  appears  around  these  piers. 

There  is  no  teredo  in  this  locality.  The  limnoria  lignorum  is  very 
active  in  the  dear  waters  of  the  Bay  of  Fundy,  but  does  not  live  here, 
owing  to  the  l.rge  amount  of  silt  carried  in  deposit  and  to  the 
quantity  of  fresh  water  discharged. 

Mr.  Blackwell  thinks  that  f  steel  will  not  stand  the  chemical  action 
of  salt  water.  This  is  an  important  statement,  and  is  a  question  which 
received  careful  attention  before  the  work  was  designed.  As  already 
explained,  the  columns  are  only  directly  exposed  to  the  action  of  salt 
water  during  high  water.  Again,  all  exposed  parts  are  accessible  to 
the  paint  brush,  but  the  most  convincing  fact  is,  that  bolts  and  plates 
used  in  the  construction  of  the  old  bridge  50  years  ago,  and  exposed 
to  salt  water  at  different  stages  of  the  tide,  shewed  not  the  slightest 
corrosion,  and  the  surfaces  were  bright.  This  may  be  explained  by 
the  friction  of  the  grit  and  sediment  carried  in  the  water  acting 
on  the  surfaces. 

Mr,  Whited's  remarks  require  some  attention,  and  the  writer  regrets 
that  enough  information  was  not  given  to  enable  him  to  fully  discuss 
the  question.  The  specifications  with  regard  to  the  quality  of  iron 
were  as  rigid  as  those  generally  adopted,  and  were  very  full  and  expli- 
cit. It  was  hardly  necessary  to  burden  the  Society's  Transactions 
with  a  verbatim  copy  of  bridge  specifications,  somewhat  lengthy,  but 
possessing  nothing  new  or  of  interest  beyond  the  special  requirements 
of  the  case.  All  the  iron  work  directly  exposed  to  the  action  of  the 
water  is,  as  already  explained,  easily  accessible  to  the  paint  brush. 
The  top  beams  supporting  the  weight  of  trusses  are  supported  by 
both  the  concrete  and  the  shell ;  it  will  be  seen  from  the  plan  that 
the  entire  top  is  covered  by  a  plate  with  voids  which  were  left,  so  that, 
in  the  event  of  any  settlement  of  concrete,  cement  may  be  introduced 
to  bring  a  bearing  on  the  concrete.  Mr.  Whited's  remarks  in  this 
instance  are  inapplicable. 

It  was  considered  preferable  to  have  the  compression  members  built 
of  iron  with  a  lower  working  strain,  and  consequently  a  larger  section, 
than  to  substitute  a  smaller  section  of  steel,  proportioned  to  a  much 
higher  working  strain. 

Londonderry  iron  was  specified,  and  it  has  always  been  found  reliable. 
The  writer  does  not  consider  that  Mr.  Whited  has  shewn  that  there 
is  a  weak  or  objectionable  point  in  the  structure. 


Thursday,  31st  October. 
P.  A.  PETERSON,  Vice-President,  in  the  Chair. 
Student's  Baper  No.  S. 

WOOD  FIBRE  FOR  PAPER-MAKING. 
By  F.  A.  Bowman,  M.A.,  B.E.,  Stud.  Can.  Soc.  C.E. 

After  a  brief  sketch  of  the  origin  of  paper,  and  of  the  various  raw 
mateiials  which  have,  at  times,  been  employed  in  its  manufacture,  the 
author  proceeds  as  follows : — 

The  ordinary  merchantable  varieties  of  wood-fibre  are  divided  into 
Mechanical  or  Ground  Wood  Pulp,  Soda  or  Chemical  Wood  Fibre,  and 
Sulphate  or  Acid  Wood  Fibre.  This  is  the  order  in  which  they  have 
come  into  the  market,  and  technically  they  should  be  arranged  as  follows : 
mechanical  wood  pulp,  being  wood  ground  to  a  pulp  on  a  grindstone, 
with  the  fibres  only  partially  separated,  and  all  the  incrustating  mater- 
ials still  in  it ;  sulphite  fibre,  being  wood  partially  boiled  in  an  acid 
solution  until  the  fibres  are  completely  separated,  but  some  little  silica 
still  remains ;  soda  fibre  or  wood,  completely  boiled  in  an  alkaline  solu- 
tion, until  it  is  a  pure  vegetable  fibre  or  cellulose. 

Mechanical  or  ground  wood  pulp  cannot  be  called  a  fibre  at  all,  as 
the  wood  is  merely  separated  into  particles,  regardless  of  the  natural 
fibre,  and  containing  all  the  resins  and  silicious  matters. 

In  discussing  wood  pulp  and  fibre,  the  question  has  often  been  put  to 
the  writer :  '^  Cannot  sawdust  be  used  to  make  pulp  ?  "  It  cannot  be 
used  successfully,  as  the  saw  has  cut  the  fibres  too  short.  Many 
experiments  have  been  tried,  and  a  kind  of  pulp  produced  from  it,  but 
it  is  useless  for  any  purpose,  except  perhaps  as  a  filling  material  to 
other  fibres,  or,  in  other  words,  as  an  adulterant. 

The  process  of  manufacture  of  ground  wood  pulp  is  simple,  and  con- 
sists in  rasping  off  the  particles  parallel  to  the  fibres  by  forcing  the  wood 
against  a  grindstone.  The  Voelter  process  is  the  best  known  and  most 
used  on  this  side  of  the  Atlantic. 

The  wood  is  completely  barked,  cut  into  one-foot  lengths,  and  the  knots 
bored  out ;  if  large,  the  stick  is  split.  The  principal  part  of  the  appa- 
ratus is  the  grindstone,  which  is  about  4  feet  diameter,  and  15  inches 
face.    Its  axis  is  set  horizontally^  and  it  makes  150  revolutions  per 
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mmute.  The  wood  Ib  pressed  against  ihe  stone  by  shoes  at  the  end  of 
screwed  rods,  which  slowly  adyance  as  the  wood  is  ground  off.  A 
stream  of  water  plays  continually  on  the  stone,  and  washes  off  the 
pulp.  The  pulp,  much  diluted  with  water,  passes  oyer  a  series  of 
reyolving  drums,  coyered  with  wire  cloth  increasing  in  fineness.  The 
drums  haye  hollow  trunnions,  and  the  pulp  which  passes  through  the 
wire  runs  out  through  the  trunnions  to  the  next  finer  drum.  The  pro- 
duct is  50  per  cent,  of  the  rough  wood  employed.  A  Voelter  machine 
uses  50  horse-power  (French),  and  produces  500  kilos,  of  saleable  pulp 
a  day. 

In  the  Orellinger  process  the  wood  is  held  against  the  side  of  the 
grindstone  instead  of  the  edge,  and  the  patentees  claim  that  the  pulp 
produced  is  longer  and  better  than  that  from  the  Voelter  machine. 
The  principal  adyantage  is  that  the  pulp  is  neyer  reground,  while  on 
the  Yoelter  machine  part  of  the  wood  ground  on  the  top  of  the  stone 
runs  down  and  gets  reground  at  the  lower  shoes.  In  the  Grellinger 
process,  centrifugal  sorters  are  used  instead  of  the  drums  of  Voelter. 

The  woods  principally  used  in  making  both  ground  pulp  and  true 
fibre  are  spruce,  poplar,  and  a  little  hemlock.  The  dense  hardwoods 
are  practically  useless  as  fibre  producers,  either  when  ground  or  boiled. 
The  fibres  are  too  small  and  weak  to  be  of  any  use. 

Vegetable  fibre,  or  cellulose,  forms  the  principal  part  of  every  y^ta- 
ble.  The  chemical  formula  for  it  is  Ce  Hjo  0^,  and  its  composition 
yaries  yery  slightly,  as  is  shewn  by  the  following  table  from  Wagner's 
Chemical  Technology : 


Material  of  Cells. 

Wood. 

Cotton. 

Flax. 

Paper. 

Carbon  

43.87 

6.23 

49.90 

43.30 

6.40 

50.30 

43.63 

6.21 

50.16 

43.87 

Hydrogen 

6.12 

Oxvflren 

50  01 

100.00 

100.00 

100.00 

100.00 

The  properties  which  make  a  y^table  fibre  suitable  or  otherwise  for 
paper-making  are  entirely  physical.  All  fibres  adapted  to  spinning 
into  textile  fabrics  are  well  suited  to  the  manufacture  of  paper,  and 
some  that  are  too  short  for  the  former  purpose  are  still  yery  suitable 
for  the  latter.  In  this  latter  class  are  found  all  kinds  of  wood  fibres. 
Cotton  fibres  haye  the  peculiarity  that  when  dried  they  twist  spirally 
Uke  a  corkscrew,  which,  of  course,  much  increases  their  felting  power. 
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Flax  fibres  have  sharp  points  arranged  along  tLem,  which  serve  the 
same  purpose.  Wood  fibres,  when  freed  from  the  incrustating  materials, 
are  in  the  form  of  a  flattened  ribbon  with  thickened  edges,  and  composed 
of  thin  transparent  membranes.  Mr.  Aim^  Girard  has  made  a  careful 
microscopical  examination  of  the  various  fibres  used  in  paper-making, 
and  in  a  paper  read  before  the  French  Academy,  gives  the  following  as 
the  result  of  his  investigations :  The  fibres  afler  pulping,  that  is,  when 
ready  for  the  paper  machine,  are  one-sixteenth  inch  long,  and  in  very 
fine  pulps  one-fiftieth  or  less.  He  finds  that  fineness  is  essential,  and 
considers  that  the  fibre  should  have  a  diameter  of  one-fiftieth  of  its 
length,  and  that  strength  is  of  not  so  much  consequence  as,  when  paper 
is  torn,  the  fibres  are  not  broken  but  merely  slit  apart.  The  fibres 
should  be  elastic.  He  divides  them  into  {ive  classes :  Ist.  Round  fibres 
freely  flexible  and  elastic,  as  flax  and  hemp.  2nd.  Similar  fibres  of 
a  smoother  and  less  vigorous  kind,  as  jute,  esparto,  hop,  dwarf  palm, 
sugar  cane,  etc.  3rd.  Fibre  cellular  matter,  derived  from  straw,  and 
containing  both  fibres  and  cellular  matter.  4th.  Flat  fibres,  such 
as  cotton,  and  the  wood  fibres  produced  by  chemical  processes.  5th. 
Imperfect  material,  such  as  ground  wood ;  this  is  not  flexible  enough. 

The  method  known  as  the  soda  or  alkali  process,  by  which  chemical 
or  soda  fibre  is  produced,  was  invented  about  1870.  The  first  works 
erected  were  at  Manayunk,  Pennsylvania.  In  England  and  other  coun- 
tries, where  wood  is  scarce  and  high  priced,  few  manufactories  have  been 
started,  but  there  are  a  large  number  in  the  United  States  and  on  the 
continent  of  Europe.  The  wood  employed  is  generally  pine  or  spruce, 
sometimes  aspen  or  poplar.  It  is  cleaned  of  bark  and  knote,  and  cut 
into  chips  of  a  uniform  size  and  thickness,  by  a  machine  with  revolving 
knives.  These  chips  are  packed  into  a  boiler  about  40  feet  loog  and  4 
feet  diameter,  and  a  strong  solution  of  caustic  soda  is  pumped  in.  The 
boilers  are  heated  by  steam,  and  the  wood  cooked  under  a  pressure  of 
about  150  lbs.  to  the  square  inch  for  from  5  to  6  hours.  The  boiling 
and  washing  processes  are  similar  to  those  employed  for  rags,  esparto, 
etc.,  except  that  the  solution  is  stronger.  When  the  wood  comes  out  of 
the  boiler,  it  is  still  in  the  form  of  chips,  but  if  rubbed  between  the 
finger  and  thumb,  it  separates  into  fibres,  and  is  now  ready  to  be  treated 
by  washing,  bleaching,  beating,  etc.,  like  any  other  paper-making 
material.  The  pulp  is  of  a  dark  brown  colour,  and  always  requires 
bleaching,  except  for  the  common  brown  papers.  The  process  of  r^ain- 
ing  the  soda  frt)m  the  '^  black  liquor  "  of  the  boiler,  essential  in  boil- 
ing rags,  etc.,  on  account  of  the  saving  of  expense  and  the  prevention 
of  the  pollution  of  rivers,  becomes  absolutely  necessary  in  boiling  wood, 
on  account  of  the  much  larger  quantity  of  soda  used. 
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The  regaining  is  accomplished  in  the  following  manner :  The  spent 
liquor  from  the  boiler  is  evaporated  to  dryness  in  pans,  and  the  residue 
burnt,  the  result  being  the  removal  of  all  organic  matter  and  the  pro- 
duction of  soda  ash ;  the  latter  is  oaustioized  by  dissolving  it  in  water 
and  agitating  it  in  a  tank  with  lime.  The  soda  ash  is  crude  carbonate 
of  soda,  and  the  agitating  of  the  solution  with  lime  produces  carbonate 
of  lime  and  a  solution  of  caustic  soda.  For  every  ton  of  soda  ash 
causticized,  9  to  15  cwt.  of  lime  are  required.  In  the  best  plants, 
75  to  80  per  cent,  of  the  original  charge  of  soda  in  the  boiler  is  regained. 
The  necessity  for  this  regaining  plant  severely  handicaps  this  process. 

The  next  process  to  be  considered  is  the  sulphite  wood  fibre  or  acid 
process.  This  is  the  last  to  be  developed,  although  prior  in  invention 
to  the  soda  process.  Benjamin  C.  Tilghmann,  the  inventor  of  the  sand 
blast,  and  a  resident  of  Philadelphia,  took  out  a  patent  in  1867,  for  the 
treatment  of  wood  with  bisulphite  of  lime,  in  order  to  remove  the 
incrustating  materials.  He  never  developed  the  process,  and  conse- 
quently the  patent  lapsed  and  became  public  property. 

Dr.  Mitzcherlich,  the  celebrated  Grerman  chemist,  was,  at  the  time  of 
his  death,  carrying  on  a  series  of  experiments  with  bisulphite  of  lime 
as  a  boiling  solution  for  wood  pulp.  His  nephew,  a  paper-maker,  and 
present  owner  of  the  Mitzcherlich  patents,  appropriated  the  results  of 
these  experiments,  and  took  out  a  set  of  patents  on  the  process  and  on  the 
machines  and  boilers  connected  with  it.  His  patent  on  the  process  was 
cancelled  some  years  later,  as  it  was  identical  with  Tilghmann's.  He 
cuts  his  wood  into  discs  and  prepares  his  solution  in  towers,  but  compa- 
ratively little  is  known  of  the  process,  as  ail  employees  and  licensees  are 
under  oaths  of  secrecy.  The  other  patent  sulphite  processes  are  the 
Francke,  the  Ekman,  the  Graham,  the  Olive  and  Partington,  the  Flod- 
quist,  and  the  Ritter-Kellner.  In  all  these,  except  the  Ekman,  the 
chemical  employed  is  bisulphite  of  lime,  'and  the  patents  are  on  the 
boilers,  the  wood-preparing  machinery  and  the  method  of  preparing  the 
solution.  Mr.  Ekman  employs  bisulphite  of  magnesia.  Of  these  pro- 
cesses the  Francke  and  the  Ritter-Kellner  are  the  most  important  and 
practical ;  the  Ekman,  the  Graham,  and  the  Olive  and  Partington  are 
employed  in  a  few  mills. 

The  following  descriptions  of  the  sulphite  process  and  the  figures  of 
oost  refer  to  the  Francke  system,  but  are  generally  applicable  to  the  other 
practical  methods.  The  wood  comes  to  the  mill  in  six-foot  lengths  with 
six  strips  of  bark  peeled  off  to  facilitate  the  complete  barking.  These 
sticks  are  cut  by  a  circular  saw  into  two-foot  lengths,  which  are  passed  to 
the  borers,  who  bore  out  all  knots  with  machine  augurs.  They  are  then 
barked  by  a  machine  which  is  really  a  revolving  plane.    It  is  an  abso- 
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lute  necessity  to  have  all  bark  removed,  as  nothing  in  the  process 
touches  it;  it  comes  out  from  boiling  and  bleaching  unscathed,  and 
appears  as  a  brown  speck  in  the  paper.  The  clean  wood  is  fed  into  a 
simple  vertical  barking  plane  that  cuts  it  into  small  chips,  which  pass 
slowly  down  an  inclined  shoot,  along  each  side  of  which  women  are 
stationed  to  pick  out  knots  that  may  have  escaped  the  borers.  It 
is  now  ready  for  the  boiler. 

The  solution  employed  to  boil  the  wood  in  is  bisulphite  of  lime,  this 
is  a  combination  of  2  parts  of  sulphurous  acid  with  1  part  of  lime.  It 
is  a  colourless  pungent  liquid,  which  emits  sulphurous  acid  gas,  and  in 
time  by  exposure  to  the  air  becomes  oxidized  i^to  sulphate  of  lime,  the 
sulphurous  acid  also  forming  sulphuric  acid.  When  boiled  with  wood 
at  a  pressure  of  60  to  65  lbs.  to  the  square  inch,  the  solution  is  forced 
into  the  pores.  The  sulphurous  acid  is  set  &ee,  and  the  lime  combines 
with  the  resin  of  the  wood  to  form  a  soluble  resinate.  Small  quanti- 
ties of  sulphate  of  lime  are  produced  during  the  boiling,  and  care  has 
to  be  exercised  to  prevent  its  being  mixed  with  the  fibre.  One  style  of 
boiler  is  especially  designed  to  this  end. 

The  preparation  of  the  solution  is  simple.  Sulphurous  acid  is  gener- 
ated from  pyrites  in  ovens  similar  to  those  used  in  the  manufacture  of 
sulphuric  acid.  The  fumes  of  acid  are  led  to  the  bottom  of  a  tower  40 
to  90  feet  high.  This  tower  is  divided  into  several  shafts  by  solid  par- 
titions, and  each  shaft  is  provided  with  gratings  at  certain  points.  On 
these  gratings  are  piled  blocks  of  limestone.  A  large  tank  at  the  top 
of  the  tower  supplies  a  steady  rain  of  water  that  trickles  down  over  the 
limestone.  The  fumes  of  sulphurous  acid  rise  through  the  shafts  and 
combine  with  the  limestone  to  form  bisulphate  of  lime,  which  is 
absorbed  in  the  water,  and  runs  into  tanks  at  the  bottom  of  the  tower 
whence  it  is  conveyed  to  the  boilers. 

The  boilers  used  by  Mr.  Francke  are  40  ft.  long  and  7  ft.  diameter 
of  steel,  lined  with  J  inch  of  lead.  They  are  set  horizontally  on  friction 
rollers,  and  revolved  by  spur  gear.  Steam  is  admitted  by  a  pipe  with  a 
trunnion  joint  situated  in  the  axis  of  the  boiler.  The  lead  lining  in 
these  boilers  is  the  greatest  source  of  trouble  connected  with  their 
management.  Everything  that  the  solution  comes  in  contact  with  must 
be  protected  with  lead.  The  coefl&cient  of  expansion  of  lead  is  more 
than  twice  that  of  iron,  and  in  addition,  lead  is  so  inelastic  that  on  cool- 
ing it  does  not  return  to  its  original  size.  When  expanded  by  the  heat 
of  the  stc'am,  the  lead  plates  confined  by  the  iron  shell  must  buckle. 
This  repeated  buckling  and  straining  of  the  plates  rapidly  crystallizes 
them,  and  then  they  crack,  letting  the  solution  through  to  the  iron. 
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Many  patents  have  been  taken  out  to  counteract  this  defect,  the  prin- 
ciple involved  in  most  of  them,  is  the  dividing  up  of  the  lead  into  small 
areas,  by  fastenings  placed  close  together,  so  that  the  buckling  action  is 
almost  nil.  Mr.  Franoke  fastens  his  lead  lining  in  by  iron  rings  sprung 
out  against  it,  these,  of  course,  being  lead-covered. 

Steam  at  65  lbs.  pressure  is  employed  for  the  boiling,  and  is  injected 
directly  into  the  boiler.  The  boiling  lasts  from  12  to  16  hours,  accord- 
ing to  whether  the  charge  is  to  be  subsequently  bleached  or  not,  that  to 
be  bleached  being  boiled  the  longest. 

When  the  boil  is  finished,  the  steam  and  sulphurous  acid  are  blown 
off  into  a  solution  tower,  and  regained  immediately  as  bisulphite  of  lime. 
The  charge  in  the  boiler  is  washed  with  three  washings  of  cold  water, 
which  clean  the  pulp  and  cool  the  boiler,  which  is  then  revolved  until 
the  charging  hole  is  down  and  the  contents  are  emptied  into  draining 
vats.  A  man  enters  the  boiler  and  inspects  the  lining  before  the  next 
charge  is  put  in.  On  coming  from  the  boiler,  the  pulp  is  in  fragments, 
representing  the  original  chips ;  but  if  rubbed,  these  break  up  into 
fibres ;  the  stuff  is  put  into  a  beating  engine,  and  a  very  little  beating 
reduces  it  to  a  perfect  pulp.  The  unbleached  Francke  pulp,  as  it  comes 
&om  the  boiler,  is  white  enough  for  many  conmion  printing  papers. 
When  the  bleaching  liquor  is  added  to  the  pulp,  a  curious  action 
takes  place.  The  pulp  immediately  turns  a  distinct  red  colour ;  this 
gradually  fades  to  a  dull  yellow,  and  finally  disappears  as  the  bleaching 
action  continues.     The  bleached  pulp  is  snow  white. 

The  following  figures  of  cost  of  production  were  calculated  for  Eng- 
land, by  Mr.  W.  F.  Catchside,  and  are  very  easily  adapted  to  any 
particular  locality,  the  sterling  amounts  have  been  converted  into  Can- 
adian currency. 

Building  for  whole  of  wood  machinery,  boilers,  etc.  (brick)..  $7500  00 

Tower  containing  4  shafts  (brick) 5000  00 

Pyrites  furnaces  and  flues  (2) 1500  00 

Steam  boiler  (1) 3000  00 

Cisterns  (lead  lined),  J  inch  (3) 2500  00 

Fibre  boilers,  steel  and  lead  lined,  fitted  complete  (2) 12000  00 

Circular  saws,  wood  machinery  fittings,  etc 5000  00 

Engine  40  H.  P.  (nominal  ?)  to  work  hoists  to  tower,  for 

wood,  boiler  and  pumps 2500  00 

Total  cost .$39000  00 

say  $40,000. 
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The  cost  of  producing  30  tons  a  week,  for  which  the  above  plant  is 
suitable,  is  as  follows: — 

36  cubic  fathoms  of  white  pine  wood  (216  cubic  feet)  deli- 
vered at  British  port,  at  $14.61  per  fathom $525  96 

Labour  (weekly)  182  01 

Coals  (60  tons  at  $1.94) 116  88 

Gas  (forlighting) 9  74 

Pyrites  (20  tons  at$4.87) 97  40 

Limestone  (2  tons,  at  $2.44) 4  87 

$936  86 

5p.c.  interest  on  $40,000,  cost  of  plant 40  00 

lOp.c.     "         "        "      wear  and  tear 80  00 

2Jp.c.     "         "         "      rates,  etc 20  00 

$1076  86 
Cost  per  ton,  $35.89. 
The  labour  employed  by  Mr.  Francke's  mill  is  as  follows : 

Sawing,  2  men  at  steam  saw,  each  6  hours 12  hours. 

Boring,  1  man  at  machine 9      " 

2  boys  helping,  each  9  hours 18      " 

Cutting,   1  man  at  machine 9     " 

1  boy  helping 9     " 

Sorting,  12  women,  each  12  hours 144      ^^ 

Boiler  gang  filling  boilers,  emptying  drainers,  etc.,  5  men, 

each  12  hours 60      " 

In  preparing  the  wood  for  one  day's  work,  of  5  tons,  there  is  required 
in  labour : 

Men 90  hours. 

Boys 75     " 

Women 144     " 

The  men's  wages  are  taken  at  85  cents  a  day,  and  the  women  and 
boys  at  48  cents.  Adding  2  more  boys,  who  will  be  useful,  the  cost  of 
labour  per  day  of  12  hours  will  be 

7}  men,  at  85  cents  a  day $  6  38 

20  women  and  boys,  at  48  cents 9  60 

$15  98 
Labour  on  wood  cleaning,  etc.,  per  week $101  88 
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Other  labour  is  as  follows : — 

2  men  at  fibre  boilers,  at  $6  a  week $12  00 

2     '^     stoking  at  steam  boilers,  same  wages 12  00 

4     "    pyrites  ovens,  at  same  rate 24  00 

2  foremen,  at  $9.50 19  00 

1  plumber,  at  $8.50 8  50 

Extra  labour  on  tower  occasional 5  00 

$84  15 
Wages  for  wood,  etc.,  as  above 101  88 

$186  03 


One  ton  of  pyrites  composed  of  one-tbird,  containing  40  per  cent, 
sulphur  and  the  rest  36  per  cent,  sulphur,  will  furnish  in  Francke's 
towers  750  to  1200  cubic  feet  of  solution,  according  to  the  weather,  at 
4  ®  to  4J  *^  Beaum^.     Each  boiler  requires  725  cubic  feet  at  4  ® 
Beaum^. 

Mr.  Ekman  was  manager  for  Mr.  Francke  for  some  years,  and  on 
leaving  him  took  out  a  set  of  patents  of  his  own,  and  erected  a  mill  at 
Soderham,  on  the  Baltic.  This  is  one  of  the  large  lumbering  ports  of 
Sweden,  and  he  employs  the  slabs  and  deal  ends  from  the  saw  mills  as 
raw  material.  The  principal  difference  between  his  process  and  the 
Francke  is  that  he  employs  bisulphate  of  magnesia  instead  of  lime.  The 
raw  materials  for  his  solution  are  magnesite,  which  he  imports  from 
Greece,  and  sulphur  from  Sicily.  He  uses  fixed  vertical  boilers  of  a 
smaller  size  than  Mr.  Francke's. 

The  most  important  part  of  the  Graham  process  is  the  lead  lining, 
which  is  attached  to  the  iron  shell  by  bolts  placed  short  distances  apart, 
the  heads  being  covered  with  lead. 

Messrs.  Olive  and  Partington,  of  Lancashire,  England,  have  patent- 
ed a  solution  apparatus  and  a  lead  lining  of  their  own.  They  employ 
spherical  rotary  boilers  with  an  inner  shell  of  thin  iron  coated  on  both 
sides  with  lead  sheets,  and  the  three  plates  are  rivetted  together  at  short 
intervals,  with  lead  rivets.  Their  solution  apparatus  consists  of  a  series 
of  tubs.  There  is  a  mill  at  Sheet  Harbor,  Halifax  Co.,  N.S.,  working 
on  their  system. 

Mr.  Flodquist,  of  Gx>thenburg,  Sweden,  combines  the  manufacture 
of  glue  with  that  of  his  solution. 

The  Ritter-Kellner  process,  of  which  Eugen,  Baron  von  Bitter  and 
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Mr.  Charles  Kellner  are  the  inventors  and  proprietors,  is  the  latest 
and  one  of  the  most  important.  Baron  von  Bitter  is  an  experienced 
practical  paper-maker  of  Gbrtz,  Austria,  and  Mr.  Charles  Kellner,  man- 
ager of  his  cellalose  works,  a  professional  chemist  and  engineer,  so  the 
probabilities  are  in  favour  of  their  process  being  the  most  practical 
and  scientific.  Mr.  Kellner  claims  that  he  discovered  the  suitability  of 
bisulphite  of  lime  as  a  boiling  solution  for  wood  fibre  independently, 
without  any  knowledge  of  Tilghmann's  patent,  in  1871,  while  experi- 
menting to  find  a  wet  method  of  regaining  the  soda  from  the  spent 
liquor  of  the  alkali  process.  The  Bitter-Kellner  wood-cleaning  apparatus 
is  admirably  adapted  to  its  work.  The  wood  is  cut  into  lengths, 
barked,  the  knots  bored  out,  then  split  in  a  special  machine,  and  cut 
into  chips,  which  are  put  through  a  sort  of  bark  mill  which  reduces 
them  to  a  uniform  size. 

The  solution  is  prepared  in  a  series  of  tubs  filled  with  dolomite,  the 
water  and  the  sulphurous  acid  fumes  being  forced  through  in  opposite 
directions  by  pumps.  The  amount  of  solution  produced  is  thus  inde- 
pendent of  the  weather. 


Thursday,  14tli  Korembcr. 

P.  A.  PATEESON,  Vice-President,  in  tie  chair. 

The  following  Candidates  having  been  balloted  for  were  declared 
duly  elected  as 

HoNOBART  Members. 

Sib  Johk  Fowler,  E.G.M.G. 

Sir  John  Haweshaw,  FASS.L.  and  E. 

Members. 

William  Dueoak  Babolat,         Horatio  Fbederioe  Forrest, 
Alexander  Stewart. 


AssooiATE  Members. 
Walter  Peoe  Chapmax,  Lewis  W.  Toms. 

Associates. 
■Thomas  C.  Bbaieerd,  M.D.,         Sir  Qeorge  Stephen,  Bart 

Student. 
Alexander  Soott  Dawson. 

The  foUowing  has  been  transferred   from  the  class  of  Associate 
Members  to  that  of  Members : 

ELziAR  Lantieb. 


THE  CORNWALL  CANAL. 
Bt  S.  Esefu,  M:.Can.Soc.C.K. 
Baper  2fo.  34* 

Of  the  first  coDBtmctioQ  of  the  Cornwall  Canal,  daring  the  years 
1834  to  1839,  it  is  proposed  in  this  paper  to  present  to  the  Society  such 
an  account,  from  personal  knowledge,  as  an  assistant  engineer,  resident 
on  the  works  during  those  years,  is  qualified  to  give.  Reference  to  the 
enlai^ment  thereof,  now  in  progress,  will  also  be  made  as  an  engineer- 
ing question. 

The  Cornwall  Canal  was  the  first  of  the  series  of  canals  on  the  St. 
Lawrence,  constructed  for  the  larger  scale  of  steatnboat  navigation. 
In  1832  the  Legislature  of  Upper  Canada  appropriated  the  sum  of 
$280,000  for  the  improvement  of  the  navigtition  of  the  St.  Lawrence , 
to  admit  the  passage  of  vessels  drawing  nine  feet  of  water,  and  recom- 
mending the  immediate  commencement  of  the  improvement  between 
Cornwall  and  the  Lonp;  Sault  Rapids,  stipulating  for  the  completion  of 
the  Cornwall  Canal  before  any  other  works  leading  to  Lake  Ontario 
should  be  undertaken.  A  commission  was  appointed  in  1833  to  carry 
out  the  provisions  of  the  act,  and  by  them  the  surveys  and  plans  for 
the  works  were  entrusted  to  experienced  engineers  from  the  United 
States. 

The  preliminary  survey  was  conducted  by  Mr.  John  B.  Mills  as 
chief  engineer,  with  Mr.  Benjamin  Wright,  or  Judge  Wright,  chief 
engineer  of  the  Erie  Canal,  as  consulting  engineer.  Mr.  Mills  brought 
with  him  three  assistants,  and  the  writer  made  the  fourth.  Mr. 
William  J.  McAlpine  took  the  levels.  The  writer  made  the  survey, 
and  Mr.  James  Worrall  and  Mr.  Charles  Mills  were  the  draughtsmen. 
The  field  work  was  soon  accomplished.  It  was  begun  the  13th  May, 
1833,  and  completed  2nd  July  of  the  same  year.  The  engineers  then 
proceeded,  under  the  same  authority,  with  the  survey  of  the  St.  Law- 
rence thence  to  Lake  Ontario,  and  submitted  plans  and  estimates  for 
the  canals  proposed  to  be  constructed  at  the  Long  Sault,  Farran's 
Point,  Rapid  Plat,  Point  Cardinal,  and  the  Ghdops,  amounting  in  all 
to  $1,294,464.  In  September  and  October  of  the  same  year,  the  writer 
assisted  Mr.  Mills  in  the  survey  for  a  canal  in  continuation  of  the 
Cornwall  Canal,  and  of  the  same  dimensions,  in  Lower  Canada  to 
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oonnect  Lake  St.  Francis  with  Lake  St.  Louis,  and  to  overcome  tYie 
rapids  at  Coteau,  Cedars  and  Cascades.  This  survey  was  confined 
to  the  North  Shore,  and  referred  to  two  routes,  one  along  the  river 
bank  at  these  rapids  and  the  other  inland. 

The  following  year,  1834,  the  final  location  of  the  canal  was  begun 
at  Dickinson's  Landing,  at  ihe  head  of  the  Long  Sault  Eapids,  on  the 
20th  May.  On  the  30th  of  the  same  month  the  Canal  Commissioners, 
of  whom  Mr.  Jonas  Jones  of  Brockvilie  was  president,  came  down  to 
examine  the  plans  and  proposed  line  of  canal.  They  were  ncconipanied 
by  Captain  Cole  of  the  Eoyal  Engineers,  by  their  chief  engineer,  Mr.  J. 
B.  Mills,  by  Judge  Wright,  the  consulting  engineer,  and  by  Judge 
Geddes.  another  engineer  from  the  Erie  and  Champlain  Canals.  As 
the  two  American  en<;ineerd,  Judge  Wright  and  Judge  Geddes,  had 
borne  conspicuous  and  responsible  parts  in  the  construction  of  the  Erie 
Canal,  it  was  considered  that  their  knowledge  of  canal  works  would 
be  valuable  to  the  Commissioners.  Captain  Cole  and  Judaic  Gkddes 
had  been  specially  retained  to  advise  the  Board  in  reference  to  the 
selection  of  the  best  line  for  the  canal.  Mr.  Mills  had  served  under 
Mr.  Moncure  Robinson,  an  accomplished  and  distinguished  engineer 
of  Virginia,  and  came  to  his  work  in  Canada  well  informed,  and 
with  perfect  confidence  in  his  own  ability.  He  was  a  man  of  great 
determination,  and  having  once  made  up  his  mind  as  to  his  plans, 
and  the  course  he  intended  to  pursue,  he  was  immovable. 

As  the  result  of  this  examination  by  t lie  Commissioners,  and  the 
engineers  both  civil  and  niilibiiry  who  attended  them,  the  chief  engineer's 
plan  was  approved,  and  the  works  were  placed  under  contract  the  same 
year.  It  may  here  be  stated  that  with  the  exception  of  a  few  changes 
of  the  centre  line  at  the  Long  Sault,  to  throw  the  canal  more  inland, 
the  location  of  the  canal  as  now  constructed  is  the  same  as  that  origi- 
nally projected  by  Mr.  Mills,  and  adopted  by  the  Commissioners. 

The  engineers  determined  on  locks  55  feet  wide  200  feet  long 
between  the  gates,  and  with  nine  feet  of  water  on  the  sills.  These  dimen- 
sions would  allow  the  passage  of  vessels  175  to  185  feet  long,  according  to 
their  build.  The  canal  was  to  be  100  feet  wide  at  bottom  and  150  feet  at 
surface  to  admit  of  the  side  paddle  steamboats  then  in  use  passing  each 
other  in  any  part  of  the  canal.  The  great  capabilities  of  the  screw  as 
a  means  of  propelling  vessels  had  not  at  that  time  been  developed,  and 
propellers  were  not  then  employed  in  our  inland  navigation.  This 
accounts  for  the  very  generous  width  given  to  the  canal. 

The  length  of  the  canal  is  11^  miles.  There  is  one  guard  lock  at 
the  head,  and  there  are  six  lift  locks  of  8  feet  lift  each,  to  overcome  the 
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whole  fall  in  the  river  of  48  feet,  from  the  head  of  the  Long  Sanlt  to 
Cornwall  bay  at  the  head  of  Lake  St.  Francis*  This  scale  for  the 
navigation  of  the  St.  Lawrence  was  approved  bj  the  Commissioners 
and  adopted  by  the  Government,  and  became  the  standard  for  the 
other  short  canals  above  Cornwall,  except  that  as  vessels  could  there 
descend  the  rapids  oatside  these  canals  with  safety,  the  bottom  width 
was  reduced  to  50  feet.  The  width  of  the  locks  on  the  Cornwall 
Canal  55  feet,  as  fixed  by  the  American  engineers,  was  not  in  reality 
available  for  vessels  of  that  width,  owing  to  the  peculiar  form  of  the 
lockwalls,  and  therefore,  when  the  Williamshur^h  canals  (the  name 
fdven  to  the  short  canals  at  Farran's  Point,  Rapid  Plat,  and  the 
€kdops)  were  afterwards  constructed,  as  well  as  Beauharnois  and 
Lachine  canals,  the  width  was  reduced  to  45  feet,  which  was  con- 
sidered in  better  proportion  to  the  length  and  drauo;ht. 

An  account  of  these  locks  as  built,  with  plans  of  locks,  lock  gates 
and  the  mnchinery  for  operating  thorn,  was  published  with  the  report 
of  Colonel  Philpotts,  R.  E.,  on  the  proposed  enlargement  on  the  Welland 
Canal  in  1840,  and  need  not  be  repeated  here.  This  report  was  made 
under  instructions  from  the  Earl  of  Durham,  and  was  addressed  to  the 
Right  Honorable  Sir  Charles  Poulett  Thompson,  Governor  General, 
and  published  in  the  '^  Prqf&inonal  PaperB  of  the  Royal  Engineers,*' 
Vol.  V,  pp.  140  to  193. 

THE  LOCATION. 

In  tnking  his  departure  from  the  navigable  waters  of  the  St.  Law- 
rence above  the  Long  Sault,  the  choice  of  two  lines  was  presented  to  the 
engineer.  One  was  to  follow  along  the  river  bank  down  to  the  channel 
dividing  Sheek's  Island  from  the  main  shore,  and  the  otiier  an  inland 
route  up  Hoople's  Creek,  and  by  a  depression  half  a  mile  back  of  the 
river  to  meet  the  same  channel  at  Sand  Bridge  on  Brownell's  Bay.  The 
first  was  along  a  high  bluff  bank  rising  30  to  50  feet  above  the  river, 
all  side  cutting,  and  the  other  a  through  cut. 

The  engineer  having  instituted  a  comparison  between  these  two  lines 
decided  in  favour  of  the  one  by  the  river,  as  being  a  mile  and  a  quarter 
shorter,  and  saving  $120,000  in  cost.  An  engineer's  assistant  may  not 
question  the  superior  judgment  of  his  chief,  but  loyally  accept  his 
decision,  seeing  he  is  in  no  way  responsible. 

The  correctness  of  this  estimate  bus  recently  been  called  in  question, 
but  whether  right  or  ¥rrong,  no  good  end  can  be  served  by  the  discussion 
of  it  now,  for  the  very  good  reason   that  the  officially  adopted  line 


800  Keefer  en  ComwaU  Canal. 

has  been  oonstnieted,  and  in  use  for  half  a  oeDlnry  without  accident 
or  faikre  of  any  kind.    The  sabject  is  now  a  dead  issae. 

It  may  be  obferved,  however,  that  the  front  or  river  line  being'  all  in 
flide-catting  with  short  delivery  into  the  river,  a  cubic  jard  of  material 
could  be  moved  at  less  cost  than  in  a  throagh  oat  inland,  where  it 
has  first  to  be  elevated,  and  then  carried  some  distance  into  spoil  bank. 
Probably  two  yards  conld  be  moved  on  the  front  line  at  the  same  ooet 
as  one  yard  on  the  inland  rente,  or  double  the  quantity  for  the  same 
cost 

THE  SUlfM IT  LEVEL. 

There  can  be  no  doubt  that  the  engineer  was  perfectly  right  in  main- 
taining his  summit  level,  and  carrying  it  on  as  far  as  he  could,  so  a.s  to 
command  the  table-land  eastward  of  Milleroches,  to  his  first  lift  lock, 
but  his  location  of  the  canal  along  the  three  miles  of  circuitous  side 
cutting,  from  the  Long  Sault  to  Milleroches,  cannot  be  approved,  when 
there  was,  as  will  appear  from  what  follows,  no  necessity  fi>r  resorting  to 
such  a  hasardous  location,  but  in  view  thereof,  a  safe  and  less  costly 
means  of  keeping  up  the  summit  level  The  maintenance  of  the  summit 
level  was  correct  in  principle,  because  when  the  line  had  reached  Mille- 
roches, the  engineer  was  independent  of  the  river,  and  thence  to  Corn- 
wall could  locate  his  locks  to  the  best  advantage.  On  the  other  hand, 
many  of  the  contemporary  engineers,  both  civil  and  military,  who  had 
other  plans  to  surest  seemed  to  have  lost  sight  of  this  essential  prin- 
ciple. They  proposed  to  lock  down  into  the  Shcek's  Island  channel,  and 
to  render  it  navigable  by  dams  at  Moulinette  and  Milleroches,  or  sim- 
ply by  one  dam  at  the  latter  place  made  high  enough  to  drown  out  the 
rapids  at  the  former.  It  appears  this  was  suggef>ted  in  order  to  avoid 
the  great  cost  and  rihk  of  hanging  up  the  canal  in  side  cutting  on  the 
north  shore ;  but  by  this  proposed  drop  to  a  lower  level  they  had  to 
encounter  a  deeper  cutting  of  some  seventeen  feet  or  more  eastward  of 
Milleroches  till  the  first  lift  lock  was  reached.  They  all  suggested 
that  a  low  dam,  to  rarve  merely  as  a  coffer-dam,  should  be  thrown 
across  the  shallow  channel,  called  the  ''  Snye  "  at  the  head  of  Sheek*s 
Island,  to  shut  off  the  water  coming  down  that  channel  during  the 
construction  of  the  proposed  works  at  Moulinette  and  Milleroches,  or 
possibly  to  serve,  if  maintained,  as  a  regulating  bulk  head  for  the 
supply  of  the  canal  after  it  had  been  built.  Mr.  Peter  Fleming,  Mr. 
Samuel  Clowes,  Judge  Geddes  and  Captain  Cole,  £.  E.,  favoured  plans 
of  this  sort ;  but  Mr.  Clowes  went  beyond  the  other  engineers,  and 
suggested  a  lock  in  the  dam  at  Milleroches,  and  continuing  the  canal 


Reefer  on  ComvHiU  Canal.  301 

along  the  margin  of  the  open  St.  Lawrence  to  the  head  of  the  Corn- 
wall RapidSy  and  thenoe  along  in  front  of  the  town  to  the  bay  below 
Cornwall 

Of  all  these  rival  schemes  the  assistant  engineer  was  at  the  time 
entirely  ignorant,  and  in  no  way  concerned  with  them,  being  then 
actively  employed  in  the  location  survey  of  the  chief  ei^ineer's  adopted 
line.  Bnt  while  so  engaged,  he  had  naturally  become  familiar  with  the 
physical  features  and  capabilities  of  the  country  for  canalization,* and 
b^an  to  form  (pinions  of  his  own  on  the  subject.  To  him  it  appeared 
a  surprising  circumstance,  that  after  all  the  array  of  professional  skill 
that  had  been  convened  to  assist  the  Commissioners  in  the  selection  ot 
the  most  feasible  plan,  they  should  all  have  overlooked  one  simple  and 
obvious  idea  that  would  have  given  a  satisfactory  solution  of  the  main 
difficulty  with  which  they  were  all  contending — namely,  the  cost  and 
hasard  of  carrying  the  summit  level  of  the  canal  along  the  left  bank  of 
the  river,  where  the  surface  of  the  canal  would  be  from  16  to  24  feet 
above  the  surface  of  the  river,  and  where  the  suitableness  or  otherwise 
of  the  material  for  making  sound  banks  was  as  yet  unknown. 

The  idea  that  presented  itself  to  the  mind  of  the  writer  was  to  have 
no  canal  at  all  on  the  north  bank,  but  in  lieu  thereof,  to  raise  the 
dams  at  the  head  and  foot  of  Sheek's  Island,  high  enough  to  retain  the 
summit  level  of  the  canal,  and  transform  the  river  valley  into  a  fine 
broad  basin,  making  that  the  canal.  If  both  dams  were  raised  to  the 
same  level,  they  would  obviate  the  necessity  of  constructing  three  miles 
of  canal  along  the  north  shore.  The  foundations  for  these  dams  would 
be  secure,  for  they  would  be  on  hard,  gravelly  earth  or  solid  rock.  The 
width  of  the  channel  at  the  head  of  the  Island  is  230  feet,  according  to 
the  survey  presently  to  be  referred  to,  and  at  the  foot  of  the  Island  330 
feet.  In  both  cases  the  water  is  quite  shallow — ^the  same  quantity 
passing  at  both  places,  and  the  banks  are  high.  Sheek*s  Island  would 
form  the  south,  and  the  main  land  the  north  bank  of  the  canal,  or  basin, 
created  by  the  two  dams.  The  upper  dam,  if  raised  five  feet  above 
canal  sur&oe,  would  stand  26  feet  high  in  the  middle,  and  the  lower 
dam  40  feet  high,  allowing  in  both  cases  for  four  feet  of  water  in  the 
rapids,  which  is  believed  to  be  in  excess  of  the  actual  depth. 

The  idea  of  two  dams  of  the  name  height^  both  raised  to  summit  level, 
does  not  appear  to  have  been  grasped  by  any  of  the  engineers  before 
mentioned,  and  when  the  assistant  engineer  ventured  to  suggest  it  to 
his  chief,  it  was  treated  with  scant  courtesy,  and  at  once  dismissed,  and 
was  never  again  referred  to.  Oould  it  be  that  the  chief  did  not  under- 
stand what  his  assistant  proposed  ?    It  is  believed  that  a  survey  and 
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oomparative  efitimate^  if  made  at  that  time,  would  oertainly  have  settled 
the  question  iu  favour  of  his  plan. 

THS  CONSTRUCTION. 

Mr.  Mills  remained  in  charge  of  the  works  as  chief  engineer,  unt3 
Ist  June,  1836 ;  when,  owing  to  a  difference  that  arose  hetweea  him 
and  the  Commissioners,  he  gave  in  his  resignation,  and  was  succeeded 
by  Colonel  Phillpotts,  of  the  Royal  Engineers.  In  the  two  years  of  his 
official  connection  with  the  canal,  he  had,  with  the  approval  of  Mr. 
Benjamin  Wright,  settled  all  the  plans  for  the  mechanical  structures 
and  earth  works,  and  considerable  progress  had  been  made  in  their 
construction  before  Colonel  Phillpotts  assumed  command.  The  writer 
had  been  placed  in  charge  of  the  works  on  the  upper  division,  a  little 
over  seven  miles  in  length,  including  the  guard  lock  and  the  first  lift 
lock,  and  continued  in  charge  of  the  same  under  Colonel  Phillpotts 
until  the  work  was  suspended. 

A  map  of  the  River  St.  Lawrence,  immediately  south  of  the  canal,  has 
been  prepared  (Plate  XIII),  shewing  the  several  islands  and  channels 
between  them,  through  which  the  main  navigable  channel  downwards, 
pursues  its  tortuous  course,  and  also  the  boundary  line  between  Canada 
and  the  United  States.  This  map  has  been  copied  from  the  very  care- 
ful hydrographic  survey  of  the  U.  S.  Corps  of  Engineers^  made  in  the 
years  1871,  1872  and  1873,  and  is  the  most  recent,  as  well  as  the  most 
correct,  chart  extant.  From  this,  it  will  be  seen  that  Sheek's  Island  is 
Canadian,  while  Bamharfs  Island  is  American,  and  that  the  channel 
dividing  them,  through  which  the  boundary  line  is  drawn,  is  not  navi- 
gable, nor  is  the  small  channel  between  Sheek's  Island  and  the  Canadian 
shore  fit  for  navigation.  Therefore,  there  can  be  no  reason  why  Shock's 
Island  should  not  be  utilised  for  canal  purposes^  seeing  it  is  only  intended 
to  rest  the  ends  of  the  two  dams  upon  it,  and  to  flood  a  few  acres  of  the 
low  land  fringing  its  northern  border. 

THE  BABTH  WOBEB. 

In  order  to  represent  more  clearly  the  peculiar  character  of  earth 
works  on  the  first  reach,  four  cross-sections  have  been  ptotted  from  the 
original  field  notes  and  records,  and  numbered  1,  2,  3  and  4.  (Plate 
XIY.)  A  hand  sketch  marked  (A)  is  also  given  on  the  fM&  of  the 
map  in  further  explanation. 

Cross-gection  No.  1  is  given  to  shew  the  deepest  cutting  on  Section 
No.  1 ;  the  Long  Sault  section,  which  is  9294  feet  in  length,  and  the 
enormous  amount  of  material  that  was   wasted  in  these  rapids — all 
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carried  away  by  the  current  to  the  lower  parts  of  the  river,  in  order 
that  the  prism  of  the  canal  might  be  cut  out  of  the  solid  ground 
without  encroaching  on  the  bed  of  the  riyer. 

The  material  through  which  the  canal  was  made  along  the  rapids  is 
characterized  by  Sir  William  Logan,  as  ^^  Glacial  drift  toith  boulders," 
The  upper  part  of  this  section,  for  nearly  a  mile,  is  covered  with  a  stiff 
brown  clay,  which  was  soon  dissolved  and  carried  off  when  thrown  into 
the  deep  swift  current,  which  at  this  place  runs  smoothly  at  the  rate  of 
ten  miles  an  hour.  No  attempt  was  made  to  save  it  by  crib-work  or 
otherwise.  The  gravelly  earth  underlying  this  brown  clay  becomes  gra- 
dually harder  and  deeper  as  the  lower  end  of  the  section  is  approached, 
until  it  is  developed  into  hard  pan,  and  beyond  the  limit  of  the 
section,  into  indurated  or  cemented  gravel,  that  required  to  be  blasted 
before  it  could  be  removed.  There  was  no  more  clay  at  the  lower  end 
of  the  section,  and  the  boulders  amounted  to  one-sixth  of  the  entire 
mass.  The  mixture  of  graveUy  earth  and  hardpan,  was  the  very  best 
material  for  making  a  solid  water-tight  bank,  and  it  might  have  been 
economized  much  more  than  it  was  for  that  purpose.  The  military 
engineers,  who  occasionally  visited  the  works  during  their  progress, 
entertained  the  opinion  that  it  was  impossible  to  encroach  upon  the  bed 
of  the  river,  that  the  current  would  have  its  own  way,  that  the  artifi- 
cial works  put  in  it  would  not  stand,  and  that  the  river  would  ultimately 
return  to  its  original  bed  1  It  is  very  possible  these  opinions  might  have 
influenced  the  management,  for  the  centre  line  was  moved  at  the  upper 
end  from  30  to  70  feet,  and  then  back  to  zero  again,  by  gentle  curves 
over  4,200  feet ;  and  at  the  lower  end  from  0  to  74  feet  and  back  again 
to  0,  over  3,000  feet,  leaving  only  some  2,100  feet  of  the  original  centre 
line  unchanged. 

But  facts  are  stronger  than  opinions.  It  is  a  fact  that  the  bed  of  the 
river  was  encroached  upon  along  the  swift  broken  water  towards  the 
lower  end  of  the  section,  viz.,  on  sub-sec.  F.  of  No.  1  (Plate  XIV).  The 
hand-sketch  (A)  on  the  map  (Plate  XIII)  explains  how  this  was  done. 
By  taking  advantage  of  certain  salient  angles  or  points  along  the  rapids, 
a  bank  of  earth  and  stones  was  run  out  to  the  outer  slope  of  the  canal 
embankment  and  protected  by  a  mass  of  boulders.  Then  the  boulders 
kept  in  reserve  for  the  occasion  were  used  to  form  a  barrier  against  the 
river  between  these  salient  points  along  the  outer  edge  of  the  slope, 
enclosing  a  pond  of  still  water,  which  was  then  filled  with  earth  to  form 
the  base  or  body  of  the  embankment ;  the  abrasion  of  the  natural  bank  by 
the  current  during  the  ages  past  had  favoured  these  operations  by  form- 
ing a  maipn  of  comparatively  shallow  water  between  the  projecting 
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points,  varying  from  6  to  10  feet  deep,  whereas  farther  out,  from 
soundings  taken  in  the  rapids,  the  depth  was  from  20  to  30  feet 
The  bank  built  in  this  way  has  stood  firm  to  this  day,  and  must 
be  considered  permanent.  Much  more  good  work  of  this  kind  might 
have  been  acoom|:4bhed  to  economiie  the  material,  had  the  plans 
been  previously  arranged  for  it. 

Crosi-^eciion  JVb.  2. — ^Tbis  section  is  taken  a  short  distance  below 
Moutinette,  and  is  a  fair  sample  of  the  doubtful  character  of  the  soil  on 
which  the  integrity  of  the  navigation  depends.  It  was  near  this  that 
thefirH  breach  occurred  in  December,  1843,  shortly  after  the  canal  was 
first  opened.  Small  streaks  of  sand  were  found  in  ezcavatiDg  the  canal, 
which  made  their  way  in  some  unknown  manner  through  the  natural 
"  drift "  on  which  the  embankment  rests.  These  where  discovered  were 
cut  off  by  a  puddle  trench,  six  to  eight  feet  deep,  and  the  bank  and 
canal  bottom  protected  by  an  apron  of  puddle  three  feet  in  thickness. 
The  «eoanc2  breach  took  place  on  the  30th  October,  1850,  just  above  the 
road  culvert  at  Moulinette,  after  the  canal  has  been  seven  years  in  use. 
The  cause  of  the  breach  in  this  instance  was  attributed  to  a  small 
rivulet  that  crossed  the  canal  nearly  at  right  angles,  some  fifteen  feet 
below  the  bottom  of  the  caoal.  It  was  a  sort  of  blind  water-course  that 
had  not  been  thoroughly  cleared  of  the  sand  and  vegetable  deposits  be- 
fore the  bank  was  built  across  it.  Through  this,  without  any  previous 
warning,  the  canal  water  found  a  passage,  and  in  a  very  short  time,  a 
gap  280  feet  long  and  26  feet  deep  was  made,  emptying  the  canal,  and 
carrying  away  some  1500  cubic  yards  of  the  bank.  The  gap  took  the 
following  shape.    Fig.  1. 
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The  writer  at  this  time  was  Chief  Engineer  of  Public  Works,  and  on 
him  rested  the  duty  of  restoring  the  navigation  in  the  shortest  possible 
time,  so  that  the  fall  fleet  might  be  passed  through  before  the  dose  of 
navigation.  He  at  once  repaired  to  the  spot,  and  with  the  assistance 
of  Mr.  Duncan  McDonald,  the  local  superintendent,  and  a  strong  force 
of  men  and  horses  working  night  and  day,  the  breach  was  made  up  to 
full  height  in  ten  days — ^the  water  let  in  on  the  9th  day — and  on  the 
12th  of  November  he  was  able  to  report  to  the  Department  that  the 
navigation  was  fully  restored,  and  that  all  the  delayed  vessels  had 
passed  through* 
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Before  the  canal  was  fiUed,  the  writer  walked  down  theoanal  bank  U> 
Milleroches  to  make  an  inspeetion  of  the  empty  canal.  He  fonnd  a 
«ak  in  the  bottom  of  the  canal  some  distance  below  the  eron-ieetum 
No,  2 J  where  the  water  was  raoning  oat  in  a  considerable  stream  into 
the  French  drain  that  had  been  put  in  to  drain  off  the  springs  in  the 
natural  soil.  This  drain  was  five  feet  under  canal  bottom,  and  near 
the  toe  of  the  bank ;  see  Fig.  2.     Some  bad  material  was    found 
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in  the  bottom  of  the  canal  through  which  the  water  found  a  passage  to 
the  drain  in  a  stream  the  siie  of  one's  arm,  and  passed  under  the  bank 
to  the  river  by  the  French  drain  here  shown.  If  the  breach  had  not 
occurred  at  Moulinette  as  it  did,  one  would  most  surely  have  happened 
here.     The  bank  had  a  narrow  escape. 

Crosi'tectian  No,  3. — This  section  is  taken  1400  feet  east  of  No.  2, 
Piute  XY,  near  the  place  where  the  third  breach,  the  most  serious  of  all, 
occurred  on  the  11th  Oot.,1888.  It  will  be  observed  that  there  is  do  exca- 
vation here.  The  work  is  altogether  in  embankment — an  embaukment 
that  rests  half  on  the  land  and  half  in  the  bed  of  the  river,  which  at  the 
end  of  the  slope  is  38^  feet  below  the  bottom  of  the  canaL  The  river 
bank  is  8  feet  below  canal  bottom.  The  soil  is  clay,  out  of  which  arise 
natural  springs,  which  during  constractioo  were  led  out  to  the  river  by 
longitudinal  and  transverse  French  drains  under  the  seat  of  the  embank- 
ment. This  expedient  was  by  no  means  effectual,  for  when  the  bank 
had  been  raised  nearly  to  its  full  height,  even  before  the  water  was  let 
into  the  canal,  the  outer  slope  b^an  to  slide  off  towards  the  river.  The 
qirings  received  into  the  drains,  rose  up  in  the  outer  sbpe  and  softened 
the  bank,  and  of  course  it  must  yield  to  the  superincumbent  weight  of 
the  more  solid  material  resting  against  it  To  remedy  this  evil  a  series 
of  cross  diagonal  drains  was  sunk  in  the  outer  slope  to  carry  off  the 
leakage.  A  good  deal  of  this  kind  of  protection  had  to  be  resorted  to 
during  the  progress  of  the  work ;  but  when  all  was  done  and  the  outer 
slope  protected  by  rip-rap,  it  is  evident,  from  the  facts  stated,  that  there 
could  be  no  assurance  that  the  bank  would  be  permanent.  A  clay  soil 
infested  with  natural  springs,  whose  source  is  unknown,  is  submitted  to 
a  pressure  of  22  to  24  feet  head  of  water — ^the  diff  rence  between  the 
water  in  the  canal  and  the  water  in  the  river.    The  quantity  of  water 
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that  leaks  out  through  the  hank  may  be  trifling  at  first,  but  the  power 
exerted  by  it  for  mischief  is  not  measured  by  the  actual  volume  of 
water  that  leaks  through  (as  is  well  understood  by  what  is  known  as 
the  *'  hydroitatic paradox*')^  but  is  in  direct  proportion  to  the  sum  of 
the  vacant  spaces  within  the  bank  or  area  on  which  the  presHure  is 
applied.  This  power,  constantly  acting  on  the  clay  soil  forming  the 
outer  slope  of  the  bank,  first  softens  it^  and  then  it  gives  way  to  the 
pressure  from  above,  causing  slides. 

A  gravelly  soil  on  the  other  hand  stops  its  own  leaks.  The  earth 
and  sand  and  gravel  rush  in  and  close  them.  Herein  is  the  great  dif- 
ference between  the  banks  constructed  past  the  Long  Sault  where  the 
material  is  gravelly  earth,  and  sand,  and  stones,  and  the  treacherous 
clay  soil  over  which  the  canal  has  been  formed  between  Moulmette  and 
Milleroches.  The  former  have  never  failed,  the  latter  have  ikiled 
three  times,  and  many  more  failures  have  been  averted  by  constant 
inspection  and  prompt  repairs* 

The  breach  which  occurred  in  this  vicinity  in  October,  1888,  no  doubt 
exemplified  the  hydrostatic  law  before  referred  to,  for  after  it  was 
nearly  closed  another  slide  took  place  and  materially  retarded  its  com- 
pletion. This,  with  the  almost  incessant  rains,  delayed  the  navigation 
32  days,  and  raised  the  cost  of  repairs  to  nearly  $>0,000. 

It  must  be  admitted  that  the  foundation  of  the  embankment  here  is 
by  no  means  reliable,  nor  is  it  likely  that  it  can  be  made  so  at  any 
reasonable  cost.  Certainly  it  is  not  a  foundation  such  as  an  engineer 
would  select  for  the  base  of  a  dam,  for  while  the  bank  of  tho  canal 
must  muintain  the  water  in  it  from  16  to  24  feet  above  the  river,  it  is 
in  reality  a  dam  in  every  part  of  it  throughout  its  three  miles  of 
length. 

Although  your  attention  has  not  been  particularly  directed  to  the 
character  of  the  canal,  between  Moulinette  and  the  Long  Sault^-or 
rather  Brown  ell's  Bay,  it  must  not  be  inferred  that  this  part  affords  no 
cause  of  apprehension.  So  far,  it  is  true,  no  breach  has  happened  here^ 
but  it  must  be  observed  that  it  rests  on  a  clay  soil,  covered  with  a 
deposit  of  sand  and  loam,  and  the  water  in  the  canal  stands  16  feet 
above  the  water  in  the  river.  A  great  body  of  this  sand  and  clay  was 
carried  from  the  side  cutting  to  form  the  embankment  in  Brownell's 
Bay,  which  had  many  years  to  settle  and  consolidate  before  the  sixteen 
feet  of  pressure  was  put  upon  it.  At  the  same  time  the  removal  of  so 
large  a  mass  of  material  from  the  side  cutting  for  building  this  bank, 
prepared  a  more  secure  site  for  the  canal.    Still  it  is  a  canal  in  side 
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dotting,  and  for  that  reason  is  less  secure  and  more  exposed  to  accident 
than  a  canal  in  a  throngh  out. 

Cross-section  No.  4. — Plate  XV.  This  section  is  taken'about  a  quarter 
of  a  mile  above  the  first  lift  lock,  and  represents  the  retaining  wall  built  in 
the  bank  by  Mr.  Mills.  Before  the  canal  was  begun,  land  slides  were 
observed  in  the  high  bank  along  the  river,  which  at  this  place  Ls  forh^ 
feet  below  the  surface  of  the  canal.  They  were  caused  by  springs  in 
the  natural  bank .  As  a  matter  of  protection  to  the  canal,  a  wall,  as 
shown,  was  built  for  a  quarter  of  a  mile  in  length  along  the  line  of  tlie 
outer  edge  of  the  towing  path,  founded  on  a  solid  timber  platform,  8up. 
ported  on  piles.  The  wall  is  built  of  heavy  ashlar  masonry,  laid  dry, 
80  as  to  •allow  the  spring  water  to  pass  anywhere  freely  through  it.  The 
elay  excavated  from  the  prism  of  the  canal  was  thrown  in  spoil  bank  in 
rear  of  this  wall,  and  as  the  top  of  it  was  3  feet  under  top  bank  it  is 
now  entirely  covered  in  and  hidden  from  view.  It  extends  from 
sta.  335.50  to  t;ta.  349.60  of  the  original  survey,  and  contains  9,037 
cubjo  yards  of  masonry. 

In  constructing  the  canal,  sand  streaks  running  through  the  clay 
were  discovered  in  the  bottom,  by  which  the  water  found  a  passage  to 
the  revetment  wall  and  through  it  to  the  spoil  bank  outside.  In 
August,  1836,  a  slide  took  place  here,  which  carried  away  part  of  the 
original  bank  within  Jive  feet  of  the  foundation  of  the  wall,  and  exposed 
6  to  8  feet  of  the  natural  bank  below  it.  From  a  note  made  at  the 
time,  it  was  thought  that  the  part  (A)  sunk  down  to  the  place  (B) 
and  pushed  out  (C)  before  it — (B)  and  (G)  having  first  been  softened 
and  prepared  to  slide  by  the  water  leaking  through  the  wall.  To  stop 
the  leaks  a  puddle  trench  8  to  10  feet  deep  and  4  feet  broad  at  bottom 
was  placed  along  the  foot  of  the  slope,  and  joined  to  an  apron  of  puddle 
three  feet  in  thickness,  protecting  the  bank  to  its  top.  This  method  of 
protection  was  entirely  successful,  and  there  have  been  no  further  slides, 
Dor  any  failure  of  the  wall  up  to  this  time. 

The  rebellion  of  1837  interfered  feriously  with  the  progress  of  the 
works  on  this  canal,  and  finally,  with  the  financial  embarrassments  that 
followed,  brought  it  to  a  stand.  The  writer  left  in  1839.  In  1841  a 
"  Board  of  Works  "  ^afterwards  "  the  Department  of  Public  Works  ") 
was  established  for  the  united  provinces  of  Upper  and  Lower  Canada 
with  the  Hon.  H.  H.  Killaly,  C.E.,  as  chairman,  and  the  writer  as 
Chief  Engineer.     Under  that  Board  the  canal  was  so  far  completed  in 

1842,  that  the  steamboat  *^  Highlander"  was  passed  through  in  Decem- 
ber of  that  year,  but  the  formal  opening  did  not  take  place  until  June, 

1843.  No  important  works  in  connection  with  this  canal  have  since 
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been  executed,  with  the  exception  of  the  constnaction  of  regulating 
wein  and  sluices  around  the  locks,  to  supply  water  power  to  the  mills 
at  Cornwall. 

The  totul  expenditure  on  this  oanal  up  to  the  date  of  oonfederadon, 
Ist  July,  1867,  was  «1,933,152. 

THl  INLARaSMSNT. 

The  Gauftl  Commission  of  1871  made  an  attempt  to  fix  the  scale  of 
navigation  for  our  canals,  They  recommended  Uie  enlargement  of  the 
Welland  and  St.  Lawrence  Canals  for  a  draught  of  twdve  feet,  with 
looks  270'  X  45'  x  12'  in  the  ohamber.  That  scale  was  approved  and 
adopted  by  the  Government ;  but  when  the  enlargement  was  begun  on 
the  Welland,  strong  representations  were  made  by  the  merchants  of 
Montreal  and  others  interested  in  the  navigation,  that  the  draught  should 
be  increaiied  to  fourteen  feet,  and  the  Welland  and  Lachine  Canals  hava 
been  finished  to  that  depth,  nvhile  the  length  and  breadth  of  the  locks 
remain  the  same  as  recommended  by  the  Canal  Commission.  Skipping 
the  Beauhamois  Canal  for  the  time,  the  enlargement  of  the  Cornwall 
Canal  was  begun  at  each  end^the  middle  portion  was  not  placed  under 
contract  until  near  the  end  of  last  year. 

Three  years  before  this  work  was  placed  under  contract,  the  writer 
ventured  to  lay  before  the  Minister  of  Railways  and  Canals  the  facts 
that  had  come  to  his  knowledge,  in  relation  to  the  doubtful  nature  of  the 
foundation  on  which  the  old  canal  rests.  This  was  done  by  a  memoran* 
dum  dated  17th  Feb.,  1885,  which  has  recently  been  printed  by  order 
of  Parliament,  along  with  the  correspondence  in  reference  to  the  great 
breach  of  October,  1888. 

It  has  been  stated  that  it  would  be  injudicious  to  cut  into  the  nortli 
side  of  the  embankment,  and  that  the  widening  mu8t  all  be  done  on  the 
landward  side,  the  south  bank  allowed  to  remain  undisturbed,  and  the 
slope  on  the  canal  side  continued  down  to  the  new  bottom  line  at  the 
same  angle  as  at  present  Thus  it  appears  that  all  the  material  dredged 
out  is  to  be  put  on  the  south  side  of  the  bank. 

Also  that  placing  the  dredged  material  on  the  outside  is  not  the 
position  where  it  would  be  most  serviceable  to  banks  of  the  description 
these  are  represented  to  be,  still  the  material  will  have  a  sectional  area^ 
and  be  of  a  nature  that  when  fully  consolidated  would  almMt^  if  not 
dltogethery  retain  the  water  in  the  canal,  were  the  old  banks  opposite 
the  respective  places  removed  altogether. 

In  order  to  illustrate  the  effirat  of  ihemodui  operandi  to  bepursned  in 
the  enlaigement)  both  on  the  bottom  and  slopes  of  the  bank,  attentioa 
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8  directed  to  tbe  croflfl-eeoiioiis  No.  2  and  No.  3  (Phttes  XIV  and  XT}, 
on  which  the  bottom  line  and  slopes  of  the  enlarged  canal  are  drawn. 
In  sinking  the  bottom  6j^  feet  deeper,  the  dredge  will  remove  tbe  puddle 
trench  and  puddle  apron  on  the  bottom  of  ihe  old  canal,  and  will  expose 
tbe  streaks  of  sand  in  the  original  bank  of  No.  2  to  a  seyere  pres- 
sure. The  banks  at  both  places,  being  on  unsound  bottom,  cannot  be 
benefited  by  all  the  spoil  bank  dumped  on  the  outside  of  it,  but 
on  the  contrary  must  be  rendered  more  liable  to  accident  than  at 
present,  by  these  operations. 

It  is  perhaps  necessary  here  to  state  that  the  eross-^eetion  No.  4 
presents  a  condition  of  things  to  which  no  reference  is  made  in  the 
specification  for  Sec.  5,  as  nothing  is  said  of  the  revetment  wall,  and 
the  puddle  trench  and  apron  in  front  of  it.  Spemal  means  will  have 
to  be  adopted  in  order  to  protect  the  canal  from  leakage  along  the  front 
of  this  wall,  and  thereby  preyest  land  slides. 

THE  "SNTB."* 

With  respect  to  the  suggestion  to  oonrert  the  Shock's  Island  chan- 
nel, or  ''Snje,'*  into  slackwater  navigation  by  means  of  dams  at 
either  end,  it  is  argued :  (1)  That  the  closing  of  the  '^  Soye "  may 
produce  the  most  serious  floods,  and  lead  to  complications  with 
a  foreign  country.  (2)  That  however  insignificant  this  small  channel 
may  be,  compared  with  the  great  St  Lawrence,  it  runs  in  the  same 
direction  as  this  branch  of  the  river  at  the  head  of  the  Beauhamois 
canal,  the  closing  of  which  led  to  a  vast  deal  of  trouble  and 
outlay  for  land  damages.  (3)  That  the  St.  Lawrence  is  on  too 
grand  a  scale  to  admit  of  the  probable  result  of  interference  with  it, 
to  be  even  approximated  by  the  use  of  formul»  fairly  applicable  to 
ordinary  streams.  And  finally,  (4)  That  all  dams  are  insecure.  On 
the  question  of  comparative  cost,  no  opinion  is  expressed. 

It  is  now  proposed  to  examine  these  four  points :  (1)  Any  person 
acquainted  with  the  locality  would  be  surprised  to  learn  that  the  dosing 
of  the  **  Snye  **  could  possibly  lead  to  complications  with  a  foreign  power  I 
The  term  **  Snye  "  is  applied  in  this  immediate  neighbourhood  more  par- 
ticularly to  the  small  channel  at  the  head  of  Shock's  Island.  It  starts 
from  about  the  middle  of  the  length  of  the  Lost  Channel,  nearly  at  right 
angles  with  the  same.  The  banks  of  the  St.  Lawrence  on  either  side  are 
high,  and  cannot  possibly  be  affected  by  the  closing  of  the  **  Snye."  (2) 

*  The  Bnglish  equivalenti  among  river  meui  for  the  French  original 
"chenwl." 
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It  is  an  nnusual  thing  for  the  rapids  of  the  St.  Lawrence  to  be  frocen  over 
in  winter.  The  ioe  jam  that  ocoarred  at  Weaver's  Point,  in  January,  1887) 
was  unprecedented.  It  may  never  happen  again,  but  if  it  should,  it  can  do 
no  harm  to  the  proposed  dam  at  the  *'  Snye,  "  for  it  will  be  five  feet  above 
the  flood,  and  will  effectually  protect  the  canal.  As  for  the  main  river, 
the  banks  being  high,  they  cannot  suffer  damage.  They  are  nature's 
barrier  against  such  disturbing  forces.  The  reference  to  the  dam  at 
the  head  of  the  Beauhamois  canal,  which  closed  up  a  branch  of  the 
river,  is  not  a  parallel  case,  nor  is  there  any  danger  in  closing  the 
<<  Snye,"  from  the  fact  that  it  rum  in  ike  same  direction  1  (3)  The 
St.  Lawrence  is  indeed  a  mighty  river,  grand  and  lovely.  The 
writer,  having  dwelt  along  its  borders  all  his  lifetime,  respects  its 
magnitude,  and  loves  its  beauty  and  the  purity  of  its  waters.  Still 
he  considers  it  amenable  to  the  laws  of  nature,  and  must  not  be 
prevented  tracing  out  the  effect  of  closing  an  unnavigable  channel 
and  turning  it  to  the  service  of  man.  At  Fort  Erie,  where  it  issues 
from  Lake  Erie,  under  the  name  of  the  Niagara  river,  its  dis- 
charge, as  measured  by  Mr.  Barratt,  is  24,000,000  c.  feet  per  minute, 
that  being  the  least  quantity  continually  flowing  over  the  Niagara 
Falls.  At  the  Cascades,  where  it  falls  into  Lake  St.  Louis,  Mr.  James 
Stewort  found  the  discharge  27,384,640  c.  feet  per  minute.  It  may 
therefore  fairly  be  assumed  that  the  volume  discharged  through  the 
various  chauDcls,  between  the  Islands  at  the  Long  Sault,  is  26,500,000  c. 
feet  per  minute,  and  yet  the  St.  Lawrence  is  not  a  torrential  river,  while 
from  the  remoteness  of  its  sources  of  supply  it  is  affected  but  very  little 
by  local  rains  or  floods,  and  the  range  between  high  and  low  water  is  of 
very  limited  extent  It  is  a  gently  flowing  stream  all  the  way  from 
Kingston  to  Montreal,  except  where  broken  by  rapids.  As  regards  the 
''  Snye,''  its  ordinary  discharge  is  about  200,000  o.  feet  per  minute. 
Compare  this  with  the  whole  volume  of  the  main  channel,  and  then 
adopting  Dr.  Bobertson's  law^  that ''  the  squares  of  the  discharges  are 
as  the  cubes  of  the  hydraulic  mean  depths,"  and  it  will  be  found  that 
the  only  effect  of  closing  the  '*  Snye  ''  will  be  to  raise  the  water  about 
one  inch  in  that  part  of  the  main  channel,  immediately  opposite  Sheek's 
Island  and  Bambart's  Island,  for  both  above  and  below  these  islands 
the  discharge  will  be  constant— dam  or  no  dam.  Moreover,  the  main 
channel  here  is  divided  by  an  imaginary  boundary  line  between  the  two 
neighbouring  countries,  and  the  theoretical  rise  of  one  inch  will  not  be 
observable  south  of  that  line^  while  on  the  American  shore,  the  rise  will 
be  nil  Two  civilized  countries  are  not  likely  to  quarrel  over  a  paltry 
question  of  thb  kind.    (4)  As  before  stated,  the  foundations  for  the 
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dams,  and  the  materials  at  hand  for  their  oonstruction,  are  of  the  best 
order.  An  engineer  could  desire  nothing  better.  There  is  no  reason^ 
therefore,  why  they  should  not  be  made  as  permanent  as  the  hills.  If 
all  dams  are  ruled  out  as  insecure,  it  follows  that  a  canal  bank  three 
miles  long,  every  part  of  which  is  a  dam,  must  be  viore  liable  to  acci- 
dent than  two  dams  aggregating  about  a  quarter  of  a  mile  in  length, 
including  the  approaches. 

Practically,  the  best  interest  of  the  navigation  will  be  served  by  the 
dams,  for  it  must  be  observed  that  they  can  be  constructed  without  any 
interference  whatever  with  the  navigation.  The  old  canal  will  not  be 
encumbered  by  the  dredges,  and  the  dams  could  be  completed  in  half 
the  time  required  for  the  dredging,  and  at  less  than  half  the  cost. 

Reference  has  been  made  in  the  printed  correspondence  before  men- 
tioned, to  the  water  power  that  will  be  created  by  making  Sheek's 
Island  channel  a  portion  of  the  canal.  Incidentally  this  is  a  great  ad- 
vantage j  for,  while  navigable  canals  are  not  constructed  to  supply  water 
power,  still  mill  privileges  have  in  many  instances  been  granted  wherever 
it  was  deemed  safe  to  do  so  without  hindrance  to  the  navigation,  and 
much  to  the  advantage  of  the  manufacturing  interests  of  the  country, 
as.  for  instance,  on  the  Lachine  canal,  at  Montreal  and  Cdte  St.  Paul,  and 
also  at  Cornwall.  But  when  the  water  has  to  be  passed  around  many 
locks  before  reaching  the  mills,  it  becomes  troublesome  at  times  to  regu- 
late the  canal,  and  still  keep  up  the  supply  to  the  mills.  This  has  been 
the  case,  both  on  the  Lachine  and  Cornwall  canals,  where  the  mills  are 
established  at  their  lower  ends.  Not  so  on  the  Beauharnois  canal.  Here 
the  water  is  taken  from  the  dam,  at  the  head  of  the  canal,  direct  from 
Lake  St.  Francis,  where  the  supply  is  unlimited,  and  the  canal  itself  is 
in  no  way  affected  by  any  quantity  of  Water,  great  or  small,  that  may 
be  used  for  the  mills. 

It  would  be  much  the  same  for  mills  established  at  Milleroches.  Here 
mill-races  could  be  taken  off  at  both  ends  of  the  dam,  and  run  down  as 
far  as  may  be  necessary  on  either  side  of  the  river,  affording  a  clear 
head  and  fall  of  25  to  30  feet,  not  subject,  as  at  Cornwall,  to  back 
water  from  the  main  channel  of  the  river,  and  therefore  not  liable  to  be 
stopped  in  winter  or  summer.  It  is  suggested  that  the  dams  shall  be 
25  feet  wide  at  top,  in  order  to  form  a  good  road  over  them.  According 
to  the  Government  plans,  there  is  to  be  a  swing-bridge  at  Milleroches,  so 
that  there  will  be  complete  and  convenient  access  to  the  mills  and  the 
island  from  all  parts  of  the  mainland. 

From  the  drawings  accompanying  this  paper,  plates  XIIL  to  XV* 
have  been  prepared. 

X 


DISCUSSION. 

Mr.  Mohttn.  rjijjg  author  has  60  clearly  pointed  out  the  causes  of  failure,  and  the 
safety  and  simplicity  of  the  remedy  he  proposes,  that  it  appears  almost 
superfluous  to  protract  the  discussion. 

To  the  writer  it  seems  surprising  that  under  the  conditions  described 
there  should  have  been  only  three  breaches  in  some  fifty  years,  though^ 
as  pointed  out,  constant  inspection  and  prompt  repairs  have  averted 
many  other  failures.  It  would  be  interesting  to  learn  the  average 
annual  expenditure  for  maintenance  of  that  portion  of  the  canal  opposite 
^*  Shock's  Island,''  as  compared  with  other  sections. 

The  objections  raised  by  the  author  to  the  original  construction  have 
equal  weight  as  against  deepening  and  enlarging  the  canal  by  dredging. 

As  pointed  out,  if  the  foundation  is  unsound,  the  extra  width  of  bank 
will  give  no  additional  security. 

It  is  too  much  to  expect  thac  no  similar  sand  streaks  underlie  the 
present  bottom ;  and  in  the  event  of  such  being  reached  by  the  dredge, 
it  seems,  in  the  writer's  humble  opinion,  almost  certain  that  the  bank 
will  blow  up,  which,  quite  possibly,  would  be  the  first  intimation  of 
danger. 

The  author  has  not  only  pointed  out  the  faults,  but  has  also  suggested 
the  remedy.  A  remedy  which,  by  making  use  of  the  facilities  provided 
by  nature,  and  transforming  her  from  a  foe  into  an  ally,  promises  to 
prove  at  once  simple,  efficient  and  economical. 

The  writer  fails  to  follow  the  author  as  to  the  heights  of  the  two 
dams,  if  the  fall  of  the  river  bottom  is,  as  he  understands,  four  feet 
between  them. 

As  to  the  interests  of  navigation  during  extension,  the  author  clearly 
shews  that  they  would  be  better  served  by  the  adoption  of  his  plan 
than  by  enlarging  that  portion  of  the  present  canal  opposite  Sheek'fr 
Island. 

Hrjfacdougau  A  retrospect  of  half  a  century  is  given  to  few  men  in  public.  A 
close  connection  for  many  years  with  this  large  and  important  public 
work  entitles  the  criticisms  and  recommendations  of  the  author  to 
special  consideration. 
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The  oonstniction  of  French  (or  dry  stone)  drains  under  the  banks 
seems  to  court  disaster.  The  streaks  of  mnning  sand  could  only  be 
controlled  by  a  thick  layer  of  puddle  laid  in  a  trench  as  shewn  odi 
cross  sections  2  and  4.  The  proposed  method  of  deepening  the  canal 
will  apparently  destroy  these  trenches,  and  tend  to  increase  ^e  liability 
to  breaks  in  the  banks.  Was  it  not  Brindley  who  was  appealed  to,  on 
his  sick  bed,  as  to  how  a  similar  leak  on  one  of  his  canals  should  be 
stopped  ?  ''  Puddle  it,''  he  said.  It  seems  to  the  writer  that  a  thick 
and  solid  layer  of  puddle  would  be  the  most  efficacious  method  of  pre- 
venting leakages  through  these  sand  streaks. 

The  author's  proposal  to  use  the  channel  north  of  Sheek's  Island  is 
well  worthy  of  consideration.  There  seem  to  be  no  engineering  diffi- 
cxdties  in  the  way,  nor  are  there  any  tendencies  to  sudden  floods  or 
high  water  in  this  portion  of  the  river,  to  cause  anxiety  as  to  the  fate 
of  the  dams. 

Thursday,  21st  November. 

JOHN  KENNEDY,  Member  of  Council,  in  the  Chair. 

The  discussion  of  Mb.  S.  Ee£FEr's  paper  on  The  Cornwall  Canal 
occupied  the  entire  evening. 

Thursday,  5th  December. 

E.  P.  HANNAFORD,  Vice-President,  in  the  Chair. 

The  discussion  of  the  affairs  of  the  Society  occupied  the  greater 
part  of  the  evening,  and  the  reading  of  Mr.  H.  B.  Smith's  paper  on 
The  Vancouver  Water  Works,  was  postponed  to  the  19  th  inst. 


Thursday,  19th  December. 

P.  A.  PETERSON,  Vice-President,  in  the  Chair. 

The  following  having  been  balloted  for,  were  declared  duly  elected 
as: — 

Membebs. 

Fbederiok  Thomson.  Henrt  Yatrs. 

Max.  a.  Zuboher. 

Associate  Membebs. 

Robert  Maitland  Haknaford.  Claude  de  B.  Leprohon. 

Walter  B.  Kimball.  Edmund  Alyth  Rhts  Roberts. 

Assooiates. 

Frederick  Fairman.  Andrew  F.  Gault. 

Alexander  Gartshore.  William  Hendrie. 

Hon.  Willum  MoDouoall. 

Students. 

James  Shearer  Costioan.  '   Frank  Lambert. 

Frederick  Wilson  Fairman.  David  A.  Murphy. 

The  following  has  been  transferred  from  the  class  of  Associates  to 
that  of  Members : — 

Herbert  Samuel  Holt. 

The  following  have  been  transferred  from  the  class  of  Students  to 
that  of  Associate  Members : — 

Frank  G.  Jonah.  Henrt  Grattan  Tyerel. 
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VANCOUVER  WATER  WORKS. 

By  Henby  Badeley  Smith,  M.Oan.Sog.O.E. 

INTRODUCTORY  REMARKS  ON   VANCOUVER  AND  VICINITY. 

Previous  to  the  year  1886,  the  Oity  of  Vanooaver,  British  Oolumbia, 
bad  no  existenoe.  Where  this  city  now  stands,  was  then  a  dense, 
tangled  forest  of  huge  fir,  cedar,  spruce  and  hemlock ;  the  only  evi- 
dence of  the  presence  of  man  being  a  clearing  a  few  acres  in  extent,  on 
which  low  frame  buildings,  not  more  than  a  dozen  in  number,  had  been 
erected,  and  which  was  vaguely  known  to  the  outside  world  as  Coal 
Harbour,  Oas  Town,  and  the  Granville  Town  Plot. 

At  this  date  the  Canadian  Pacific  Railway  terminated  at  Port 
Moody,  a  small  town  at  the  extreme  head  of  Burrard  Inlet,  18  miles 
firom  the  Gulf  of  Georgia.  The  Company,  desiring  a  terminus  nearer 
the  open  sea,  negotiated  with  the  legislature  of  British  Columbia  for  a 
grant  of  land  in  the  neighbourhood  of  the  Granville  Town  Plot. 

The  Government,  foreseeing  that  a  large  city  would  speedily  be  built 
up  at  the  terminus  of  this  great  trans-continental  railway,  were  it 
located  on  the  best  attainable  site  near  the  sea,  voted  the  grant  by  a 
large  majority,  stipulating  only  that  the  extension  from  Port  Moody 
westward  to  the  lands  granted  should  be  constructed  and  in  operation 
by  a  stated  time.  When  it  became  known  that  the  terminus  of  the 
railway  would  undoubtedly  be  at  the  Granville  Town  Plot,  population 
began  to  pour  in  so  rapidly  that,  on  April  6th,  1886,  the  Legislature 
passed  an  act  incorporating  the  locality  as  the  City  of  Vancouver. 

The  population  at  that  date  did  not  exceed  two  thousand.  So  great, 
however,  has  been  the  influx  of  all  classes,  that  at  the  time  of  writing, 
it  is  estimated  on  reliable  data,  that  no  less  than  ten  thousand  souls 
are  contained  within  the  limits  of  the  city. 

The  City  of  Vancouver  is  situated  on  the  south  sTiore  of  Burrard 
Inlet,  in  Lat.  49**,  16',  31*  N,  Long.  123°,  05',  52"  W,  its  western 
boundary  being  3^  miles  east  of  the  Gulf  of  Georgia.  It  is  distant 
from  Liverpool  on  the  east  6116  statute  miles,  and  from  Yoko- 
hama on  the  west  4991  statute  miles.  From  Montreal  to  Vancouver 
is  2905  miles,  and  from  New  York,  via  Canada,  to  the  same  point  is 
3162  miles. 
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Bnrrard  Inlet  is  the  first  harbour  of  magoitiide  on  the  Pacific 
mainland  north  of  the  United  States.  It  is  easy  of  access  to  Tcssels  of 
the  deepest  draught,  and  safe  anchorage  can  be  found  in  any  part. 
En^iah  Bay,  the  entrance  to  the  Inlet,  is  4f  miles  long  and  4  miles 
inde.  At  its  head  it  diWdes  into  two  branches, — False  Creek  on  the 
south,  and  the  First  Narrows  on  the  north.  False  Greek  is  a  narrow 
arm  4^  miles  long,  extending  due  east  from  English  Bay,  midway 
between  the  North  Branch  (Burrard  Inlet  proper)  and  the  south, 
boundary  of  the  City  of  Vancouver.  Being  almost  uncovered  at  low 
water,  it  is  unsuitable  for  navigation. 

The  north  branch,  which  leaves  English  Bay  for  the  First  Narrows, 
extends  due  east  a  distance  of  14  miles.  The  width  of  the  Narrows 
at  extreme  low  water  does  not  exceed  1086  feet,  whereas  a  mile  and  a 
half  inland  it  reaches  12,210  feet.  Soundings  of  120  feet  can  be 
obtained  at  the  entrance,  and  234  feet  at  the  outlet  opposite  Van- 
couver. 

The  land  between  Burrard  Inlet  and  False  Creek,  on  which  the 
present  Vancouver  is  built,  is  for  the  most  part  flat,  the  highest  eleva- 
tion above  sea  level  not  exceeding  145  feet.  South  t)f  False  Creek, 
however,  a  rapid  rise  takes  place,  termioating  in  a  table-land  200  feet 
above  sea  level.  A  few  small  streams  run  down  from  this  table-land 
into  False  Creek ;  but  these  are  insignificant,  and  cannot  be  utilized  for 
manufacturing  or  other  purposes.  The  nearest  river  on  the  same  side 
of  the  Inlet  on  which  Vancouver  is  built,  passes  15  miles  to  the  west- 
ward. 

ORIGIN  OP   THE  OITT'b  WATER  SUPPLY. 

The  subject  of  a  good  and  sufficient  water  supply  for  the  City  of 
Vancouver,  or  to  write  more  accurately,  for  the  place  now  known  as  the 
City  of  Vancouver,  was  first  taken  into  earnest  consideration  by  Mr. 
O.  A.  Keefer,  M.  Can.  Soc.  C.  E.,  in  June,  1885,  nearly  a  year 
previous  to  the  incorporation  of  the  city.  Mr.  Keefer,  foreseeing  at 
that  early  date  that  the  ultimate  destiny  of  the  Canadian  Pacific  Rail<>- 
way  was  to  reach  a  point  nearer  the  coast  than  Port  Moody,  and 
knowing  that  the  Granville  town-site  possessed  aU  the  requisites  for  the 
foundation  of  a  large  city,  interested  himself  in  obtaining  mformation 
as  to  the  best  source  of  a  water  supply  for  that  locality,  should  the 
Jlailway  Company  decide  upon  it  as  the  terminus  of  their  system.  He 
speedily  ascertained  that  no  supply  could  be  advantageously  and  econo- 
mically obtained  on  the  south  side  of  the  Inlet,  where  the  city  most 
necessarily  be  located,  no  streams  or  lakes  of  any  magnitude  existing  in 
the  vicinity. 
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He  therofoTe  directed  his  attention  to  the  north  side  of  the  Inlet, 
^though  confronted  at  the  very  outset  by  the  fact  that,  never  before  in 
the  history  of  hydraulic  engineering  had  a  system  of  water  mains  been 
laid  across  such  a  sheet  of  water  as  Burrard  Inlet,  and  under  such 
-conditions  as  pertained  thereto. 

Acting  under  instructions  from  Mr.  Keefer,  the  writer  placed  a  fully 
quipped  party  in  the  field,  in  the  winter  of  1885-86,  and  thoroughly 
examined  all  the  streams  flowing  into  the  Inlet  immediately  opposite 
the  Granville  town-site,  from  the  lofty  chain  of  mountains  on  the  north 
side. 

The  results  obtained  from  this  survey  showed  that  of  all  the  streams 
available,  the  River  Gapilano,  falling  into  the  Inlet  at  the  First  Narrows 
nearly  opposite  the  western  boundary  of  the  present  City  of  Vancouver, 
was  the  most  suitable,  the  discharge  being  much  greater  than  that  of 
any  of  the  others,  and  the  average  fall  of  the  river  so  great  that  an 
initial  point  for  a  gravity  system  of  water  supply  could  be  obtained 
within  a  reasonable  distance  upstream. 

Having  decided  on  utilizing  the  waters  of  the  Gapilano  for  the 
supply  of  the  future  city,  Mr.  Keefer  experienced  no  difficulty  in  obtain- 
ing the  co-operation  of  several  prominent  and  enterprising  capitalists  of 
Victoria,  who  were  quite  in  accord  with  him  in  the  belief  that  at  a  very 
•early  day  a  large  population  would  be  located  at  the  Granville  town-site, 
and  that  an  immediate  outlay  for  an  efficient  system  of  water  works 
would  be  a  remunerative  investment. 

Accordingly,  the  extension  of  the  railway  to  the  Granville  town-site 
being  an  assured  fact,  and  the  future  name  of  that  locality  being  defin- 
itely decided  on  as  the  City  of  Vancouver,  these  gentlemen  applied  to 
the  Provincial  Legislature  for  an  act  of  incorporation  of  a  company,  to 
be  known  as  the  Vancouver  Water  Works  Company,  and  proposing  to 
'Construct  a  gravity  system  of  water  works,  for  the  purpose  of  conveying 
water  from  a  point  on  the  Biver  Capilano,  on  the  north  side  of  Burrard 
Inlet,  to  certain  specified  lots  in  the  New  Westminster  district  on  the 
«outh  side  of  Burrard  Inlet.  About  the  same  time,  application  was 
made  by  the  inhabitants  of  these  lots  for  an  act  of  incorporation  under 
the  name  of  the  City  of  Vancouver.  Both  requests  were  granted  by 
the  legislature  on  the  same  day,  the  6th  of  April,  1886. 

During  the  summer  of  1886,  the  writer,  acting  under  instructions 
from  Mr.  Keefer,  made  detailed  surveys,  definitely  locating  the  point  of 
supply  on  the  Biver  Capilano,  and  the  crossing  of  Burrard  Inlet.  In 
June,  1887,  the  whole  system  was  finally  staked  out,  and  contracts 
entered  into  for  clearing,  close  cutting  and  grubbing.     In  December, 
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1887,  a  permanent  Board  of  Directors  was  formed,  comprising  the 
following  gentlemen:  President,  Capt.  John  Irving;  Directors,  The 
Hon.  (now  Sir)  Joseph  W.  Trutch,  Messrs.  R.  P.  Eithet,  G. 
A.  Keefer,  Thomas  Earle  and  D.  K.  Eberts ;  Mr.  J.  W.  MoFarland 
being  appointed  Secretary ;  Mr.  D.  M.  Eberts,  solicitor ;  Mr.  Gr.  A. 
Keefer,  M.  Can.  Soc.  G.E.,  chief  engineer ;  and  the  writer,  Mr.  H.  B» 
Smith,  M.  Can.  Soc.  O.E.,  engineer  in  charge. 

THE  BIYSB  OAPILANO. 

The  Siver  Gapilano  is  a  mountain  stream  of  considerable  magnitude. 
Prospectors  who  have  penetrated  its  cafions,  and  claim  to  have  reached 
its  source,  estimate  its  length  at  no  less  than  fifty  miles.  It  rises  in 
the  snow-covered  mountains  of  the  Howe  Sound  district,  and  flows 
almost  due  south,  emptying  into  Burrard  Inlet  at  the  First  Narrows. 

Although  nothing  definite  is  known  as  to  its  source,  all  accounts 
agree  that  its  origin  is  not  a  mountain  lake,  but  the  accumulated 
waters  derived  from  melted  snow  and  ice  falling  from  the  mountain 
summits.  For  a  distance  of  seven  miles  from  its  month,  the  river  has 
been  surveyed.  Throughout  this  distance  it  flows  at  the  average  rate^ 
of  five  feet  per  second  over  a  bed  of  granite,  basalt  and  conglomerate 
boulders.  Sand  and  gravel  can  be  found  only  in  a  few  sheltered  bays. 
It  passes  through  several  cafions  of  granite  and  whinstone  rock,  one  of 
which  is  only  15  feet  wide  at  its  base,  94  feet  wide  at  its  top,  500  feet 
long,  and  218  feet  deep.  Previous  to  the  creation  of  this  cafion,  the 
whole  valley  to  the  north  must  have  been  one  large  lake.  The  wall  of 
rock  through  which  the  stream  penetrated  ages  ago,  by  some  sudden 
effort  of  the  earth's  hidden  forces,  stands  like  a  huge  gate  at  the  south 
end  of  the  valley,  the  valley  itself  being  but  a  strip  of  flat  land  from 
1,000  to  1,500  feet  wide,  lying  at  the  base  of  two  parallel  ranges  of 
mountains,  wliich  tower  upwards  to  a  height  of  3^000  feet.  The  fall 
that  took  place  when  the  river  flowed  over  the  summit  of  this  rocky 
wall  must  have  equalled  the  Niagara  of  today  for  depth,  if  not  for 
volume.  Should  the  City  of  Vancouver  increase  to  the  magnitude  pre- 
dicted, it  may  be  that  its  people  at  some  future  day  will  cause  a  dam 
to  be  constructed  across  the  narrow  gorge,  and  once  again  convert  this 
valley  into  a  lake.  Vancouver  will  then  possess  a  reservoir  from 
whence  to  draw  its  water  supply,  which  will  not  be  surpassed  by  any 
water  works  system  on  the  continent.  These  cafions  are  isolated,  stand- 
ing about  a  mile  apart.  Between  them  the  river  flows  through  low 
lying  flats,  forming  many  islands.  The  immediate  banks  arc  but  a  few 
feet  above  the  level  of  the  river,  and  from  100  to  200  feet  in  widths 
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the  ground  on  each  side  rising  in  terraoes  until  it  is  merged  in  the 
uniform  slope  of  the  mountains.  Both  sides  of  the  river  are  heavily 
timbered  with  the  huge  trees  peculiar  to  the  British  Columbia  coast, 
Douglas  fir,  cedar,  hemlock,  spruce,  balsam  and  white  fir  being  in 
abundance.  The  Douglas  fir  and  cedar  grow  to  an  enormous  size. 
One  cedar  in  particular  was  measured  by  the  writer,  and  found  to  be 
64  feet  in  circumference,  4  feet  from  the  ground. 

As  a  source  of  a  city  water  supply,  the  Biver  Oapilano  is  an  ideal 
one.  No  purer  water  can  be  obtained  from  any  source  than  that  from 
this  mountain  stream,  flowing  swiftly  over  a  boulder  bed,  through  deep 
rocky  cafions,  and  along  shores  as  yet  uncontaminated  by  the  impuri- 
ties which  follow  in  the  wake  of  settlement.  The  supply  afforded,  being 
by  gravitation,  is  superior  to  all  other  methods,  whether  by  reservoir, 
direct  pressure,  or  stand  pipe,  and  its  permanence  is  beyond  question, 
careful  gauging  of  the  river  at  the  initial  point  of  the  system  having 
demonstrated  the  fact,  that  at  the  lowest  stage  of  water  the  river  dis- 
charges 440  millions  of  gallons  in  24  hours. 

OLEARINQ,   OLOSE   OUTTINQ   AND   GRUBBING. 

The  first  contract  entered  into  by  the  Company  was  for  clearing,  close 
cutting  and  grubbing.  This  work  was  done  by  a  local  firm  at  the 
following  prices  :  clearing,  $59.00  per  acre ;  close  catting,  $95.00  per 
acre ;  grubbing  $200.00  per  acre,  under  the  conditions  of  the  following 
specification : — 

The  pipe  track  is  to  be  cleared  a  width  of  not  less  than  33  feet,  and 
all  timber  and  brush,  not  required  for  the  purposes  of  the  work,  piled 
up  and  burned,  as  in  clearing  land  for  cultivation. 

The  dam  site  is  to  be  cleared  in  the  same  manner^  and  to  such  limits 
as  may  be  directed  by  the  engineer. 

Whenever  embankments,  occurring  on  the  line  of  pipe  track  or  tram- 
way, are  less  than  two  feet  in  height,  all  the  trees,  stumps  and  brush 
immediately  under  the  embankment,  are  to  be  cut  close  to  the  ground, 
and  whenever  the  embankments  are  from  two  to  four  feet  high,  they 
shall  be  cut  within  six  inches  of  the  ground  ;  but  when  the  embank- 
ments exceed  four  feet  in  height,  chopping  as  for  ordinary  clearing  will 
be  allowed. 

Grubbing  shall  be  performed  under  the  seats  of  the  embankments 
occurring  on  the  line  of  pipe  track,  or  tramway,  that  do  not  exceed  one 
foot  six  inches  in  height,  and  also  all  excavations  for  pipe  track,  tram- 
way and  dam  embankment,  less  than  three  feet  deep.  The  stumps  and 
roots  from  the  grubbing  shall  be  removed  to  such  places  as  directed. 
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No  Chinese  are  to  be  employed,  direcdj  or  indirectly,  on  the  above 
works. 

THE  DAIC. 

The  point  on  the  river  selected  as  the  source  of  snpply  is  at  a  dis- 
tance of  6}  miles  upstream  from  its  mouth,  where  the  river  is  confined 
to  one  channel,  and  the  banks  on  either  side  are  sufficiently  high  to 
admit  of  the  construction  of  a  dam. 

The  locality  selected  is  the  only  point  from  the  river's  mouth  upwards 
where  a  dam  could  be  safely  and  economically  constructed,  and  give  at 
the  same  time  a  sufficient  head  to  overcome  the  elevation  of  the  high 
flats  3^  miles  below  it. 

By  reference  to  Plate  XVI,  which  shews  the  dam  site  and  its 
vicinity,  it  will  be  seen  that  immediately  south  of  the  site  the  river  is 
divided  into  two  wide  channels. 

Still  further  south,  all  the  way  to  the  cafion  below,  it  is  divided  into 
three  and  even  four  channels.  Similarly,  north  of  the  dam  site,  the 
river  has  two  branches  separated  by  a  large,  low,  flat  island.  This 
island  is  completely  covered  at  high  water,  making  the  river  at  that 
stage  no  less  than  830  feet  wide. 

The  cross  section  of  the  river  at  the  dam  site  at  low  water  gave  a 
current  of  4^  feet  per  second,  a  width  of  100  feet,  and  an  extreme 
depth  of  3  feet,  the  difference  of  level  between  low  and  high  water  being 
6  feet.  It  has  been  subsequently  ascertained,  however,  that  during 
occasional  floods  the  water  rose  much  higher,  and  covered  the  level  flat 
on  the  north  side  to  a  depth  of  2  feet.  This  flat  stands  at  an  average 
level  of  12  feet  above  low  water.  The  bed  of  the  stream  consisted  of 
large  granite  boulders,  closely  packed  together,  small  stones  and  coarse 
gravel  filling  up  the  interstices.  The  channel  of  the  river  in  ordinary 
floods  was  210  feet  wide. 

On  the  north  shore  the  immediate  bank  is  12  feet  high,  and  extends 
at  the  same  level  a  distance  of  140  feet  inland.  A  sudden  rise  then 
takes  place,  terminating  in  another  flat  40  feet  above  low  water,  and 
which  stretches  to  the  base  of  the  mountains. 

On  the  south  shore,  the  bank  rises  abruptly  to  a  height  of  22  feet 
above  low  water,  and  continues  at  that  elevation  for  200  feet.  It  then 
rises  rapidly  in  terraces  till  it  reaches  the  mountain  side  hill.  The  high 
land  on  the  north  shore  treads  to  the  northward  immediately  west  of 
the  dam,  and  that  on  the  south  to  the  southward,  immediately  east  of 
the  dam. 
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The  dam  site  lies  direotly  between  these  two  high  points.  The  oon- 
tract  for  the  constrnction  of  a  stone-filled  timber  dam  at  the  point 
selected  was  let  on  the  24th  of  January,  1888,  to  Messrs.  H.  R 
Keefer  and  D.  McGillivray  of  Yancoayer,  and  was  most  satisfactorily 
•completed  by  them  on  the  18th  of  April  following.  The  difficalties 
^nconntered  by  the  contractors  in  carrying  oat  this  work  were  of  no 
ordinary  character.  Inasmuch  as  it  was  the  initial  work  of  the  system, 
«nd  located  in  a  wilderness  in  which  no  roads  existed,  all  supplies,  tools 
jmd  machinery  were  of  necessity  packed  to  the  works  on  the  backs  of 
mules.  The  season  was  mid- winter,  and  uausually  inclement.  Chinook 
winds  and  heavy  rain-storms,  melting  the  snow  on  the  mountain  sum- 
mits, caused  frequent  freshets,  in  which  the  river  would  rise  from  6  to 
10  feet  in  a  few  hours  time. 

The  formation  of  the  banks  in  the  vicinity  did  not  admit  of  the  river 
heing  temporarily  diverted,  except  at  enormous  cost.  The  foundations 
of  the  structure  had  therefore  to  be  excavated,  and  the  first  courses 
laid  in  from  3  to  4  feet  of  swift  running  ice  cold  water. 

Plate  XYII  is  a  reduced  copy  of  the  working  plan  of  the  dam. 
It  will  be  seen  that  the  structure  is  of  continuous  cribbing,  stone  filled, 
planked  and  sheet  piled.  It  consists  of  three  principal  parts,  viz.,  the 
north  abutment,  the  tumbling  way,  and  the  south  abutment. 

The  north  abutment  is  located  well  inland,  owing  to  the  tendency 
of  the  river  in  high  floods  to  over-run  its  channel,  and  spread  over  the 
low  lying  land  in  the  vicinity.  For  the  purpose  of  description  it  may 
be  subdivided  into  the  following  heads :  The  abutment  proper,  the 
well  chambers,  the  settling  pond,  the  pipe  outlet,  and  the  north  wing. 

The  abutment  proper  is  a  right  rectangular  prism  41'.  2"  x  20'  x 
18^.  9^,  constructed  of  round  timbcFs,  laid  in  alternate  courses  of  cross 
ties  and  longitudinals,  dove-tailed  at  the  angles,  and  forming  28  cribs, 
which  are  filled  up  with  heavy  stone  filling  and  coarse  gravel,  the  latter 
being  rammed  into  all  interstices  between  the  stones  and  under  the  tim- 
bers. A  space  equivalent  to  four  cribs,  in  the  exact  centre  of  the  abut- 
ment, is  floored  and  walled,  from  the  foundation  upwards,  with  double 
2"  planking  over-lapping.  A  perfectly  watertight  chamber  10'.  6"  x 
7'.  10''  is  formed.  This  chamber  is  subdivided  into  two  smaller  and 
equal  ones  by  parallel  walls,  4"  apart,  of  double  2"  planking  overlapping, 
snd  placed  at  right  angles  to  the  length  of  the  main  chamber.  These 
ooostitute  the  well  chambers,  by  means  of  which  the  water  from  the 
reservoir  formed  by  the  dam  is  conveyed  into  the  mains.  An  influent 
conduit  of  double  2^'  phinking  overlapping,  15'  ^Z*  long,  and  of  area 
saficient  to  admit  a  larger  volume  of  water  than  can  be  discharged  by 
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the  mains,  ocmnects  the  first  of  ihese  chambers  with  the  settling  pond, 
and  oonseqaently  with  the  reservoir  in  front  of  the  dam.  In  the  4" 
space  between  die  double  central  walls,  close  to  the  floor  of  the  cham- 
bers, are  placed  double  fish  screens  of  the  same  area  as  the  influent  con- 
duit, and  so  arranged  that  they  can  be  easily  removed,  one  at  a  time, 
for  the  purpose  of  cleaning.  The  flrst  or  outer  screen  is  coarse,  being 
of  No.  12  copper  wire,  woven  into  meshes  one  inch  square.  The  second 
or  inner  screen  is  finer,  being  of  No.  15  copper  wire,  6  meshes  to  the 
inch.  The  rear  of  the  second  chamber  is  pierced  exactly  opposite  the 
flsh  screens  to  admit  of  two  bevelled  22  inch  rivetted  steel  pipes,  the 
mouths  of  which  are  opened  or  closed  at  will  by  means  of  timber  gates 
sliding  in  vertical  uprights  attached  to  the  walls  of  the  chamber. 

Two  trap  doors  cover  the  top  of  the  chambers,  and  over  all,  resting 
on  the  top  courses  of  the  abutment,  is  built  a  compact  water-proof  shed 
12'  X  13'  X  13'.  This  shed  serves  for  a  tool  house,  as  well  as  effectu- 
ally preventing  the  access  of  strangers  to  the  gates  which  control  the 
mains. 

In  front  of  the  influent  conduit  is  a  triangular  shaped  settling  pond, 
measuring  15^  feet  at  the  base,  16  feet  from  base  to  apex,  and  14'  2*' 
deep.  It  is  constructed  of  longitudinal  timbers  and  cross  ties,  laid  one 
above  the  other,  the  whole  being  firmly  bolted  to  the  face  of  the  abut- 
ment. At  the  apex  the  ends  of  the  longitudinals  are  dressed,  so  as  to 
fit  closely,  and  bolted  together.  The  triangular  space  between  the  apex 
and  the  apex  cross  ties  is  filled  with  large  boulders,  for  the  purpose  of 
giving  weight  to  the  structure,  and  retaining  it  in  position. 

At  the  base  of  the  pond,  the  entrance  of  water  into  the  influent  con- 
duit is  controlled  by  means  of  a  timber  gate,  sliding  in  vertical  runners 
bolted  to  the  sheet  piling  on  the  face  of  the  abutment.  Immediately 
behind  this  gate  covering  the  mouth  of  the  conduit  is  placed  a  cast  iron 
grating  with  4-inch  openings.  The  water  from  the  river  has  free  access 
to  the  settling  pond  through  the  spaces  between  the  longitudinal  timbers 
of  the  walls.  The  main  object  of  its  construction  is  to  prevent  logs  and 
floating  debris  from  accumulating  in  front  of  the  influent  conduit.  It 
will  thus  be  seen,  that,  in  order  to  reach  the  mains,  the  water  must  first 
enter  the  settling  pond,  then  pass  through  the  iron  grating  at  the  mouth 
of  the  influent  conduit, .  then,  by  means  of  that  conduit,  enter  the  first 
well  chamber,  then  through  the  double  fiah  screens  in  the  central  walls 
into  the  second  chamber,  and  finally  into  the  mains  in  the  pipe  outlet. 

The  pipe  outlet  at  the  rear  of  the  north  abutment  is  a  crib  continua- 
tion of  that  abutment,  serving  as  a  protection  for  the  mains  against  the 
action  of  the  water  flowing  over  the  tumbling  way,  until  a  safe  point 
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is  reaohed  on  the  flat  below.  It  is  138  feet  long,  15  feet  3  inches  wide, 
10  feet  high  on  the  side  facing  the  river,  and  6  feet  on  tbe  land  side. 
It  has  three  parallel  rows  of  longitudinals  supported  on  cross  ties,  the 
two  outside  rows,  or  the  rows  nearest  the  river  forming  cribs  4'.  9"  x 
3'.  5"  X 10',  which  are  heavily  loaded  with  boulders.  Between  the  cribs 
and  the  third  row  of  longitudinals  on  the  land  side,  is  a  space  8  feet 
wide,  in  which  the  mains  leading  from  the  well  chambers  are  laid. 

Provision  is  made  for  two  mains,  but  only  one  is  in  use  at  present, 
the  other  being  capped  at  its  lower  end,  and  closed  at  its  mouth  by 
means  of  its  gate  in  the  second  well  chamber.  The  space  containing 
the  two  mains  is  filled  with  coarse  gravel,  well  packed.  Above  tbe 
filling  is  a  covering  of  15  inch  logs  close  laid. 

In  the  immediate  rear  of  the  abutment  the  timbers  of  the  pipe  out- 
let are  continued  upwards  in  steps  to  tbe  top  of  the  abutment,  forming 
a  '  *  lean  to,  "  which  prevents  the  water,  flowing  over  the  tumbling  way, 
from  flooding  the  top  of  the  pipe  outlet.  The  ''  lean  to,  "  as  well  as 
the  entire  face  of  the  pipe  outlet,  is  planked  with  3  inch  planking,  sunk 
3  feet  below  foundation  level. 

The  low  lying  porous  nature  of  the  ground  on  the  north  side  of  the 
river  rendered  necessary  the  construction  of  an  extensive  land  wing, 
with  deep  foundations.  This  wing  is  155  feet  long,  and  10  feet  wide. 
The  first  20  feet  out  from  the  abutment  is  16  feet  11  inches  high,  and 
is  in  reality  part  of  the  abutment  proper,  its  longitudinals  being  a  con- 
tinuation of  the  longitudinals  of  that  structure.  The  remaining  135 
feet,  being  built  on  higher  ground,  has  a  uniform  height  of  7'  9" 
Both  portions  are  built  in  rows  of  parallel  longitudinals,  3  in  number, 
and  in  lengths  of  31  feet,  supported  on  cross  ties  10  feet  long,  and  5 
feet  apart  These  form  6^  cribS;  which  are  filled  with  stone  and  gravel 
as  previously  described. 

The  connection  between  the  wing  and  the  high  land  at  its  extremity 
is  protected  by  a  gravel  enbankment,  extending  57  feet  along  the  face 
of  the  wing.  This  embankment  is  made  of  picked  material,  and  effec- 
tually prevents  all  seepage  round  the  end  of  the  wing.  The  face  of 
both  abutment  and  wing  is  protected  from  leakage  by  a  double  row  of 
sheet  piling,  the  lower  ends  of  which  are  embedded  in  a  concrete  trench 
sunk  3  feet  below  foundation  level.  The  inner  sheet  piling  Lb  2  inches 
thick,  while  the  outer  and  overlapping  piling  is  1  inch. 

The  main  body  of  the  dam,  technically  named  the  Tumbling  Way, 
is  165  feet  in  clear  length,  41'  2"  broad,  and  13'  9*  high  in  the  deep, 
est  part  of  the  original  channel  of  the  river.  Great  difficulty  was 
experienced  in  excavating  foundations  for  this  portion  of  the  dam.     At 
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first  an  effort  was  made  to  partially  divert  the  river  by  exoavating  » 

Dew  channel,  between  high  and  low  water  mark  on  the  south  shore^ 

the  intention  being,  if  this  succeeded^  to  excavate  the  foundations  and 

build  the  sub-structure  up  to  the  toe  of  the  front  slope  ;  then  to  return 

the  river  back  to  its  original  channel,   allowing  it  to  flow  through  the 

row  of  horizontal  openings  provided  in  the  design  of  the  structure  for 

that  purpose.     It  was  found  however   that  the  bed   of  the  proposed 

diversion,  being  entirely  composed  of  loose  boulders,  was  too  porous  to 

admit  of  the  water  being  confined   within  the  excavation  ;  and  as,  at 

that  time,  no  clay,  fit  for  puddling,  was  known   to  exist  in   the  near 

neighbourhood,  this  project  had  to  be  abandoned.     The  method  then 

adopted  and  which  proved  successful,  though  carried  out  under  great 

difficulties,  was  as  follows : — 

Both  abutments  having  been  partially  constructed,  the  foundations 
for  the  end  divisions  of  the  tumbling  way  were  excavated  as  far  as 
possible  from  the  abutments  towards  mid-channel.  As  much  of  the 
structure  as  the  excavations  could  contain  was  rapidly  built  up,  and 
loaded  with  stone  filling.  An  embankment  of  gravel  and  sand  was 
then  run  out  from  each  extremity,  meeting  about  20  feet  up  stream  and 
forming  a  Y,  the  apex  of  which  divided  the  current  of  the  riv.cr,  and 
forced  it  through  the  horizontal  openings  in  the  sections  already  built. 
This  had  the  effect  of  leaving  still  water  three  feet  deep  behind  the 
embankment,  and  as  this  could  not  be  removed,  nor  lessened  in  depth,  the 
foundations  were  excavated  and  the  middle  section  built  under  these 
exceptionally  difficult  circumstances. 

The  sills  of  the  north  and  south  sections  are  on  the  same  level, 
while  those  of  the  middle  section  in  the  deepest  part  of  the  river  bed 
are  2'  2'^  lower.  The  cross  sections  of  the  three  portions  are  similar. 
Plate  XYII  shews  that  of  the  middle  section. 

The  ground  sills,  10  in  number,  in  lengths  of  32  feet,  are  placed  at 
right  angles  to  the  stream,  at  distances  varying  from  5'  b"  to  6'  apart, 
the  distances  varying  in  order  to  secure  a  row  of  longitudinals  under 
each  vertical  angle  of  the  surface  of  the  tumbling  way.  Above  the 
sills  and  at  right  angles  to  them  are  placed  a  row  of  cross  ties  parallel 
with  the  stream,  each  53  feet  long,  and  from  5'  8'^  to  6'  apart.  These 
project  11'  10'^  to  the  rear  of  the  main  body  of  the  dam,  resting  on  two 
of  the  sills  of  the  ground  course.  The  spaces  between  these  projections 
are  filled  in  with  round  timbers  laid  close.  A  solid  close  laid  platform, 
to  the  roar  of  the  main  body  of  the  tumbling  way,  is  thus  formed,  which 
serves  to  dissipate  the  force  of  the  water  flowing  over  the  tumbling  way 
before  it  reaches  the  bed   of  the  river.     The  next  or  third  course- 
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consists  of  eight  longitudiDals,  above  wbicfa,  od  ihe  fourth  course,  are 
the  horizontal  openings  previously  mentioned.  These  are  28  in  number, 
five  feel  wide,  12  ins.  deep,  and  extend  entirely  through  the  structure 
from  its  upstream  face  to  the  open  river  in  the  rear. 

They  are  formed  by  flooring  the  spaces  between  the  cross  ties  of  the 
4th  course  with  double  one  inch  planking,  and  close  laying  the  longitud* 
inals  of  the  5th  course  to  serve  as  a  covering.  Above  the  5th  course  the 
longitudinals  and  cross  ties  are  so  arranged  that  the  front  face  slopes 
upwards  to  the  ridge  at  the  rate  of  2  '3^^'  to  1'.  The  longitudinal  which 
constitutes  the  ridge  is  placed  at  a  horizontal  distance  of  IT  ^\'^  from 
the  front  face,  and  is  at  an  elevation  of  415  feet  (surface  planking  not 
included)  above  high  water  mark  of  Burrard  Inlet.  The  rear  slope 
extends  downwards  from  the  ridge  at  the  same  rate  as  the  front  slope, 
and  terminates  in  a  level  bench  12  feet  wide. 

In  the  tumbling  way  there  are  196  cribs,  formed  by  the  intersections 
of  cross  ties  and  longitudinals.  Especial  care  was  exercised  in  filling 
tiiese  cribs.  As  each  course  was  completed,  the  largest  boulders 
obtainable  were  placed  in  the  cribs  by  hoists.  The  spaces  between 
were  filled  up  with  smaller  stones  and  coarse  gravel,  the  latter  being  ram- 
med into  every  crevice.  In  excavating  the  foundations,  certain  huge 
boulders,  which  were  found  to  be  firmly  anchored  in  the  river  bed,  were 
blasted  into  a  columnar  shape,  so  that  the  bed  sills  and  cross  ties  when 
laid  would  enclose  them.  These  not  only  served  as  stone  filling,  but  also 
securely  locked  the  whole  structure  to  the  bed  of  the  river  in  a  much 
more  substantial  manner  than  any  artificial  means. 

The  whole  surface  of  the  tumbling  way  is  covered  with  3  inch 
planking,*  jointed  and  laid  close.  The  upper  half  of  the  front  slope 
being  exposed  to  fioating  logs,  is  laid  double.  The  vertical  part  of  the 
front  face  is  protected  by  V  and  2!'  sheet  piling,  embedded  in  a  concrete 
trench  three  feet  deep,  extending  over  the  whole  length  of  the  structure. 

Inasmuch  as  it  was  necessary  to  keep  the  horizontal  openings  open 
until  the  whole  dam  was  completed,  the  placing  of  this  sheet  piling  was 
done  in  two  operations. 

The  lower  portion  of  the  piling  below  the  level  of  the  fioor  of  the 
openings  was  placed  in  position  in  the  usual  manner,  the  tops  being 
dressed  to  a  uniform  level.  A  longitudinal  12"  by  3'^plank,  extending 
over  the  whole  length  of  the  tumbling  way,  was  spiked  to  the  tops  of 
this  sheet  piling,  projecting  one  inch  above,  and  forming  a  groove  into 
which  the  upper  sheet  piling  would  fit  when  placed  in  position.  When 
the  proper  time  arrived  to  close  the  openings,  a  sufficient  number  of 
men  were  ranged  along  the  toe  of  the  front  slope,  provided  with  the 
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proper  lengths  of  ^eet  piling,  spikes  and  hammers.  On  a  given  signal 
each  plank  was  pushed  home  into  the  groove  below  the  openings,  and 
the  necessary  spikes  driven  into  the  top  ends.  It  required  only  five 
minutes  to  complete  the  whole  operation,  and  by  that  time,  the  water  in 
front  had  not  risen  above  the  toe  of  the  front  slope. 

Immediately  in  front  of  the  tumbling  way  is  an  apron  of  brush, 
gravel  and  boulders.  This  aproD  extends  from  the  settling  pond  in 
front  of  the  north  abutment  clear  across  the  fieioe  of  the  tumbling  way 
to  the  gate  of  the  sluiceway.  In  cross  section,  it  begins  at  a  point  half- 
way up  the  front  slope,  and  extends  horizontally  a  distance  of  9  feet. 
It  then  slopes  down  to  the  bed  of  the  river  at  the  rate  of  3  to  1. 

The  south  abutment,  being  partially  let  into  the  high  land,  required 
no  wing  extension.  Properly  speaking,  it  consists  of  three  distinct  parts, 
viz.,  the  abutment  proper,  connecting  with  the  tumbling  way ;  the 
land  abutment,  connecting  with  the  shore ;  and  the  sluiceway,  which 
lies  immediately  between  the  two.  The  foundations  of  all  three  are  on 
the  same  level  as  those  of  the  north  abutment,  and  being  above  low 
water  mark  were  excavated  without  trouble. 

The  abutment  proper  is  a  rectangular  prism  41'  2"  x  15'  x 
18^  9''  constructed  of  longitudinals  and  cross  ties  in  alternate  tiers,  bolted 
together  and  dove-tailed  at  all  four  comers.  As  in  the  north  abut- 
ment, the  longitudinals  of  the  tumbling  way  at  regular  intervals  project 
into  the  abutment,  and  are  securely  bolted  to  it,  thus  forming  an 
absolute  and  immovable  connection  between  the  three  structures.  In 
this  abutment,  there  are  in  all  21  cribs,  each  5'  8"  x  4'  7"  x  18'  9," 
filled  and  rammed  as  previously  described.  In  the  rear  of  the  abut- 
ment is  a  "  lean  to, ''  31  feet  long,  and  tapering  from  15  feet  ac  the  abut- 
ment to  11  ft.  7  ins.  at  its  extremity.  This  also  is  a  stone  filled  crib 
structure,  the  object  of  which  is  to  prevent  any  scouring  that  might  take 
place,  by  guiding  the  water  flowing  over  the  tumbling  way  beyond  the 
rear  of  the  abutment,  and  into  the  original  channel  of  the  river.  It 
may  be  here  mentioned  that  one  year  after  the  completion  of  the  dam^ 
a  large  scour  did  take  place  in  the  angle  formed  by  the  foundation 
courses  of  the  '^  lean  to  "  and  the  rear  platform.  During  a  sudden 
freshet  the  bed  of  the  river  at  this  point  scoured  out  to  a  depth  of  4 
feet  below  foundation  level  The  end  cribs  of  the  ''  lean  to  "  were 
completely  undermined,  the  stone  filling  carried  away,  and  the  timbers 
lefb  unsupported.  A  somewhat  similar  occurrence  had  taken  place  a 
few  months  previously  at  the  angle  formed  between  the  rear  platform 
and  the  pipe  outlet  on  the  north  side.  The  latter  was  readily  repaired 
by  filling  in  and  constructing  a  triangular  extension  of  the  rear  platform 
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as  shewn  la  drawing.  In  this  case  the  extension  oould  he  easily  bolted 
to  the  existing  platform  and  the  pipe  outlet.  But  in  the  case  of  the 
first  mentioned  scour  it  was  quite  different.  The  'Mean  to'*  being 
an  addition  to  the  rear  of  the  abutment  and  not  a  part  of  it,  timbers 
extending  from  its  extreme  end  to  the  rear  platform,  so  as  to  cover  the 
large  scour  made,  and  prevent  further  injury,  would  have  been  insecure. 

Instead,  tliercfore,  the  damage  done  was  repaired  by  refilling  the 
scour  with  a  mixture  of  large  boulders  and  concrete,  the  latter  being  in 
the  proportion  of  1  part  of  pure  cement  to  7  of  coarse  gravel  and  sand. 

Over  this  filling,  and  extending  three  feet  beyond  the  rear  of  the  "lean 
to,"  was  placed  a  covering  of  almost  pure  cement,  1  foot  thick.  Twenty- 
one  barrels  of  Portland  cement,  each  weighing  400  lbs.,  were  used  in 
making  these  repairs.  The  total  length  of  the  abutment  and  '^  lean  to*' 
combined  is  71  ft.  11  ins.  It  therefore  projects  beyond  the  rear  of  the 
tumbling  way,  a  distance  of  31  feet.  Both  sides  and  rear,  as  well  us  the  top 
of  the  "  lean  to,"  arc  planked  with  H^'  p)anking  laid  close. 

The  sluiceway  is  73  feet  long  and  14  feet  in  clear  width.  From  wail 
to  wall  it  is  15  feet  wide,  and  at  the  upstream  end  is  the  full  height  of 
the  abutments.  Both  walls  and  fiice  arc  planked  with  3'^  plunking,  luid 
close.  It  is  opened  and  shut  by  means  of  a  stop  log  gate,  consisting  of 
17  stop  logs  17'  4"  X  12''  X  12",  placed  horizontully  one  above  the 
other,  each  capable  of  being  moved  verticnlly  in  a  groove  formed  by 
vertical  12"  x  12"  uprights,  let  into  the  walls  of  the  abutments  on  each 
side.  On  the  upstream  face  the  uprights  are  single,  connected  nt  the 
ba^eby  a  12"  x  12"  sill.  Beliind  the  stop  logs  the  uprights  are  double, 
while  midway  between  is  a  triangular  truss  of  framed  12"  x  12" 
timbers,  planked  with  3''  planks,  the  sill  of  which  extends  back  from  the 
rear  of  the  stop  logs,  a  distance  of  17^  feet,  and  is  securely  bolted  to  the 
ground  flooiing.  The  floor  sills  beneath  the  truss  are  close  luid  on  a 
concrete  bed,  forming  a  solid  apron,  on  which  the  force  of  the  wuter 
falling  over  the  gate  when  partially  open  is  spent  previous  to  discharge 
into  the  channel  of  the  river.  From  the  end  of  the  truss  to  the  outlet 
of  the  sluiceway,  sills  are  laid  four  feet  apart,  extending  underneath  and 
bolted  to  the  sills  of  the  walls,  or  in  other  words  to  the  sills  of  the  abut- 
ments on  each  side.  The  two  sills  immediately  behind  the  rear  uprights 
of  the  gates,  and  the  three  sills  at  the  end  of  the  dose  laid  flooring  are 
squared  12"  x  12"  timbers,  43^  feet  long,  and  pass  under  the  whole 
width  of  both  abutments.  Similarly  two  caps  43^  feet  long  are  laid 
across  the  top  of  the  sluiceway,  behind  the  rear  uprights  of  the  gate. 
These  sills  and  caps  are  securely  bolted  to  every  intersecting  timber  of 
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the  abtttments  on  each  side  of  the  sluiceway,  thos  making  a  solid  union 
between  the  three  parts. 

Above  the  stop  logs  is  a  powerful  windlass,  with  supports  on  each 
abutment,  the  roller  being  directly  above  the  stop  logs.  The  upper 
surface  of  each  stop  log  is  provided  with  a  wrought  iron  ring  at  each 
end,  the  stop  log  immediately  above  it  being  grooved  on  its  under  face, 
80  as  to  admit  the  rings,  when  the  stop  logs  are  in  position,  and  the 
gate  is  closed.  The  extremities  of  the  chains  connected  with  the  wind- 
lass are  provided  with  clutches  whicli  can  be  readily  guided  so  as  to 
hook  on  to  the  rings,  when  it  is  required  to  open  or  close  the  gate. 

The  sluiceway  abutment,  or  that  portion  of  the  south  abutment 
which  connects  directly  with  the  land,  having  to  withstand  much  less 
pressure  than  other  portions  of  the  dam,  is  not  of  uniform  height,  but  is 
built  in  steps.  At  the  upstream  end  it  is  of  equal  height,  18  fr.  9  ins.,  with 
the  main  portion  of  the  abutment  on  the  other  side  of  the  sluiceway, 
and  13  feet  wide,  while  at  the  extreme  rear,  the  height  is  only  5  feet, 
and  the  width  8  feet.  It  consists  of  16  separate  cribs,  loaded  with 
stone  and  gravel,  as  previously  described. 

The  whole  abutment,  including  the  sluiceway,  is  protected  in  front 
by  1''  X  2"  sheet  piling  overlapping  and  imbedded  in  concrete,  as  in 
the  case  of  the  tumbling  way  and  north  abutment.  This  concrete  is 
in  the  proportion  of  1  part  of  cement  to  5  of  gravel  and  sand.  The 
manner  of  its  preparation  was  as  follows  :  moist  gravel  of  suitable  nature 
obtained  from  the  river  bank  was  deposited  on  a  pl.mk  platform  10 
feet  square.  This  was  thoroughly  worked  with  shovels,  and  all  stones 
larger  than  1]^  inch  diameter  eliminated,  leaving  the  mass  spread  over 
the  platform  about  9  inches  deep.  The  proper  proportion  of  cement 
was  then  spread  over  the  gravel,  in  a  dry  state.  Very  little  water  was 
used,  the  moisture  in  the  gravel  being  sufficient  for  the  purpose.  Six 
men  with  shovels  then  energetically  worked  the  whole  maas,  shovelling 
from  the  outside  edges  towards  the  centre.  When  satisfied  that  the 
mass  had  been  completely  turned  over  once,  it  was  flattened  out  on  the 
platform,  and  again  turned  over  in  the  same  manner.  This  operation 
was  repeated  three  times,  the  mixture  being  then  considered  fit  for  use. 
The  concrete  trench  mentioned  above,  extends  along  the  whole  face 
of  the  dam  below  the  level  of  the  sills,  forming  a  perfectly  watertight 
connection  between  the  foundations  and  the  bed  of  the  river,  through 
which  no  seepage  can  take  place.  Seepage  round  the  extremities  of  the 
abutments,  where  they  penetrate  the  banks,  is  prevented  on  the  north 
side,  as  previously  stated,  by  a  gravel  embankment  On  the  south 
side  the  same  purpose  is  served  by  a  hand-laid  stone  wall,  built  in  the 
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angle  formed  by  the  extremity  of  the  abutment  and  the  natural  bank 
of  the  river,  fine  gravel  and  earth  being  filled  in  behind  and  well 
rammed. 

The  reservoir  created  by  this  dam  is,  in  the  high  water  season,  380 
feet  wide  by  700  feet  long,  and  oontums  approximately  fourteen  millions 
of  gallons. 

At  low  water  the  elevation  of  the  water  flowing  over  the  crest  of  the 
tumbling  way  is  483  feet  above  the  lowest  depression  in  the  pipe  line, 
417  feet  above  the  lowest  level  in  Vancouver,  317  feet  above  the  aver- 
age, and  201  feet  above  the  highest.  These  elevations  correspond  to  a 
maximum  pressure  of  210  lbs.,  an  avera^^  pressure  of  138  lbs.,  and  a 
minimum  pressure  of  87  lbs.  per  square  inch. 

The  wrought  iron  drift  bolts  used  were  of  i"  and  f*  round  iron,  and 
of  lengths  varying  from  12"  to  32^".  Spikes  for  3'^  planking  were  6" 
long,  weighing  1 1  per  pound,  and  nails  for  V^  plaoking  were  4f "  long, 
weighing  19  per  pound. 

From  the  above  description  it  will  be  seen  that  the  extreme  length 
of  the  dam,  from  land  connection  to  land  connection,  is  384  feet,  the 
clear  tumbling  way  165  feet,  supplemented  b^  an  additional  14  feet  of 
sluiceway,  when  required,  and  the  breadth  of  base,  not  including  rear 
platform  41  ft.  2  ins. 

The  toUl  cost  amounted  to  $15,039.26. 

ROUTE    OF   THE   MAINS. 

The  country  traversed  by  the  mains,  from  the  dam  to  the  central 
point  of  the  city  was,  from  a  hydraulic  point  of  view,  of  a  very  rough 
nature,  and  presented  many  engineering  difficulties. 

From  the  dam,  for  a  distance  of  12,716  feet  in  a  downstream  direction, 
the  ground  passed  over  is  a  gradually  descending  flat,  the  total  fall  in 
this  distance  being  164  feet.  The  flat  is  a  narrow  strip  of  land,  com- 
posed of  hardpan  and  granite  boulders,  lying  between  the  base  of  the 
mountains  on  the  one  side  and  the  river  on  the  other.  At  two  points, 
the  river,  in  former  heavy  floods,  has  invaded  the  flat  and  the  adjoining 
side  hill,  scouring  off  portions  500  feet  in  length,  and  leaving  a  bare 
boulder  bottom  only  a  few  feet  above  the  low  water  level  of  the  river. 
Several  streams  running  down  from  the  adjoining  mountains,  intersect 
the  flat  at  right  angles.  Two  of  these  are  of  considerable  size,  one 
being  47  feet,  and  the  other  212  feet  from  bank  to  bank.  Both  flow 
over  rough  boulder  bottoms. 

At  the  termination  of  the  flat  is  the  rock  wall  through  which  the 
river  has  cut  the  deep  cafion  previously  described.     Owing  to  the  rug- 
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ged  oatnre  of  the  walls  of  the  cation,  it  was  not  deemed  advisable  to 
carry  the  mains  along  its  face,  and  its  great  height  prevented  their 
being  laid  over  the  summit.  A  tunnel  therefore  was  rendered  nece&«ary. 
This  tunnel  is  280  feet  long,  4  feet  wide,  and  6  feet  from  floor  to  centre 
of  roof.  In  cross  section,  the  walls  rise  vertically  4  fi'ct  from  the  floor, 
and  are  surmounted  by  a  semicircular  roof  of  2  feet  radius.  The 
floor  elevation  is  27f  feet  below  the  crest  of  the  dam. 

Inasmuch  as  the  hydraulic  grade  line  of  the  whole  system  passes  con- 
siderably below  the  floor  of  the  tunnel,  it  was  necessary  that  the  main, 
from  the  dam  to  the  tunnel,  should  be  of  larger  diameter  than  tliat 
from  the  tunnel  to  the  city.  It  having  been  decided  that  the  dis- 
charge of  a  16  inch  main  was  necessary  for  the  city's  supply,  a  22 
inch  main  is  laid  between  the  dam  and  tunnel,  connecting  in  the  centre 
of  the  tunnel  with  the  16  inch  main.  The  total  length  of  the  22  inch 
main  is  13,530  feet,  the  total  available  head  29  feet,  and  the  dis- 
charge at  the  tunnel  5,853,600  U.  S.  gallons  in  24  hours. 

The  16  inch  main,  connecting  with  the  22  inch  main  at  the  centre  of  the 
tunnel,  for  the  first  8000  feet  of  its  length,  passes  over  a  rough,  irregular 
side  hill,  composed  of  earth,  gravel  and  boulders.  The  sinuosities  of  . 
the  side  hill  are  closely  followed,  all  great  vertical  depressions  or  eleva- 
tions being  avoided.  In  one  instance,  1400  feet  below  the  rock  tunnel, 
where  the  side  hill  juts  out  in  the  form  of  a  steep  ^*  Hog's  back,"  it  was 
found  expedient  to  pierce  it  with  a  timber  lined  tunnel,  108  feet  long, 
4  feet  wide,  and  6  feet  high. 

At  the  termination  of  the  side  hill,  a  series  of  flats,  composed  of 
hardpan,  gravel  and  boulders,  descending  in  broad  terraces  is  reached. 
These  are  followed  by  the  16  inch  main  to  ordinary  high  water  mark  of 
Burrard  Inlet,  the  total  distance  from  the  centre  of  the  tunnel  being 
19,320  feet,  and  the  total  fall  from  the  floor  of  the  tunnel  388  feet. 

At  Burrard  Inlet  the  16  inch  main  is  divided  by  a  cast  iron  Y  breech 
into  two  branches  of  12^^  diameter.  One  12  inch  branch  has  already 
been  laid  across  the  Inlet,  and  preparations  are  in  progress  for  the  laying 
of  the  second,  which  will  take  place  at  an  early  date.  Plates  XYIII 
and  XIX  shew  plan  and  profile  of  the  First  Narrows  of  Burrard 
Inlet,  at  the  point  selected  for  crossing.  It  will  be  seen  that  this  is  at 
the  narrowest  part  of  the  Inlet,  where  the  tidal  current  runs  with  the 
greatest  velocity.  It  would  naturally  be  supposed  that  the  greatest 
depth  of  water  would  be  obtained  here,  but  this  is  not  the  case.  The 
bed  of  the  Inlet  at  this  point,  being  sofl  sandstone  rock,  partially 
covered  with  mud,  gravel  and  cobblestones,  forms  a  broad  flat  ridge, 
extending  from  shore  to  shore.     The  greatest  depth  of  water  on  the 
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sammit  of  this  ridge  at  extreme  low  tide  is  56  feet,  gradually  iDcreasing 
on  each  side  till  souadings  of  120  feet  and  over  can  be  obtained. 

In  extreme  low  tides  the  width  of  the  crossing  is  1086  feet.  These 
tides,  however,  are  very  rare,  occurring  in  May  and  June.  In  ordinary 
tides  the  width  at  low  water  is  1237  feet,  and  at  high  water  2140 
feet.  At  extreme  high  water,  which  occurs  in  December  and  January, 
the  width  is  2680  feet. 

The  north  shore  is  extremely  low  and  flat.  From  low  water  mark 
for  a  distance  of  6750  feet  inland,  the  total  rise  does  not  exceed  63 
feet.  Between  high  and  low  water  mark,  the  surface  covering  consists 
of  cobblestones,  smaU  boulders,  and  coarse  gravel,  underneath  which 
is  a  stratum  of  hard  pan  overlying  sandstone  rock.  The  south  shore 
rises  abruptly  at  high  water  mark  to  a  height  of  12  feet,  terminating 
in  a  level  flat,  which  extends  some  distance  inland.  Immediately 
west  of  the  crossing  on  this  side  of  the  Inlet,  is  a  steep  rocky  headland, 
which  rises  to  an  elevation  of  216  feet  above  sea  level. 

This  is  the  highest  elevation  within  the  limits  of  the  city  of 
Tancouver,  and  may  at  some  future  day  be  utilized,  as  the  site  of  a  level 
reservoir,  of  sufficient  capacity  to  supply  the  city  for  20  or  30  days. 
Between  high  and  low  water  marks  on  the  south  shore,  and  for  nearly 
three-quarters  of  the  distance  across  the  Inlet,  the  surface  formation  is 
soft  yellow  sandstone  rock,  which,  when  blasted  and  exposed  to  the  air, 
rapidly  disintegrates.  The  contour  of  the  bottom  is  an  almost  perfect 
curve,  the  value  of  which  railway  engineers  would  express  as  2^ 
d^rees. 

Skilled  divers  made  three  different  examinations  of  the  bottom,  and 
reported  fully  thereon,   agreeing  with  each  other  in  every  particular. 

The  substance  of  their  reports  was  to  the  effect  that  no  crevices  exist- 
ed in  the  rock  ledge  on  the  pipe  lino,  or  in  its  neighbourhood,  and  that 
the  bottom  from  shore  to  shore  was  perfectly  smooth  and  free  from 
boulders  of  any  magnitude. 

These  reports  were  verified  to  a  certain  extent,  by  soundings  taken 
by  the  writer,  at  intervals  of  five  feet  apart,  the  lead,  which  weighed 
15  lbs.,  never  being  allowed  to  leave  the  bottom  all  the  way  across. 

The  greatest  depth  recorded  is,  as  before  stated,  56  feet  at  low  water, 
increasing  to  70^  feet  at  high  water.  The  "  Bore  "  or  tidal  current 
varies  from  4^  to  9  miles  per  hour,  the  greatest  velocity  occurring  in 
the  out-going  tide,  2^  hours  afler  low  water.  In  a  volume  of  water 
like  that  flowing  from  the  broad  basin  of  Burrard  Inlet  through  the 
restricted  channel  of  the  First  Narrows  into  English  Bay,  this  velocity 
of  9  miles  per  hour  is  terrific  in  its  effects  on  any  body  opposing  it. 
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Some  idea  of  its  force  may  be  gathered  from  the  fact  that  a  new  9 
iDoh  mftDiUa  hawser  of  20  tons  ultimate  tensile  strain,  which,  in  the 
preliminary  operations  of  laying  the  submerged  mains,  was  stretched 
across  the  inlet,  was  snapped  like  pack  thread  by  being  suddenly 
lifted  to  the  surface,  and  allowed  to  float  on  it. 

South  of  Burrard  Inlet,  at  high  water  mark,  the  single  12  inch  main 
connects  with  a  Y  breech  similar  to  tliat  on  the  north  side.  A  16  in. 
main  leads  out  from  this  breech,  passing  over  a  uniform  boulder  and 
gravel  flat,  known  as  Stanley  Park,  the  greatest  elevation  of  which 
above  sea  level  is  73  feet.  South  of  Stanley  Park,  at  a  distance  of 
5041  feet  from  fiurrard  Inlet,  is  a  long,  narrow,  shallow  bay  of  Bur- 
rard Inlet,  known  as  Coal  Harbour.  This  bay  lies  directly  south  of 
and  parallel  to,  the  First  Narrows.  The  extreme  length  irom  east  to 
west  is  6720  feet.  The  entrance  to  the  bay  is  3,730  feet  wide.  This 
width  gradually  decreases  till  the  head  is  reached  at  a  distance  of  only 
1,500  feet  from  English  Bay,  and  separated  from  it  by  a  low  lying 
strip  of  land,  the  highest  elevation  of  which  above  sea  level  is  not  more 
than  17  feet.  The  bottom  is  of  soft  mud,  thickly  studded  with  boul- 
ders. Half  a  mile  from  the  head  of  the  bay,  the  shore  on  each  ade 
cuts  out  in  long  narrow  promontories,  leaving  a  waterway  870  feet 
wide  at  high  water^  and  250  feet  at  extreme  low  water.  This 
is  the  point  selected  for  the  crossing  3f  the  16  inch  main.  The  bottom 
is  of  unifbrm  contour,  and  consists  of  tenacious  mud  and  small  boul- 
ders. The  greatest  depth  at  low  water,  which  occurs  in  mid-channel, 
is  5  feet. 

Immediately  south  of  Coal  Harbour  the  City  of  Vancouver  is 
reached.  The  16  inch  main  is  continued  along  the  graded  streets  to 
the  centre  of  the  City,  a  distance  of  39,211  feet  from  the  centre  of  the 
tunnel,  or  almost  exactly  10  miles  from  the  well  chambers  of  the 
dam. 

The  total  fall  from  the  level  of  water  in  the  reservoir  at  the  dam  to 
the  termination  of  the  16  inch  main  is  384  feet,  and  from  the  floor 
of  the  tunnel  to  the  same  point  355  feet.  The  total  available  dis- 
charge is  5,103,000  U.  S.  gals,  in  24  hours. 

TRENCHING,  TUNNELLING,  ETO. 

South  of  Burrard  Inlet,  all  works  of  excavation,  refilling,  culvert 
building,  etc.,  were  done  by  the  company  by  day  labor.  North  of 
Burrard  Inlet,  between  the  First  Narrows  and  the  dam,  such  works 
were  done  by  Messrs.  H.  P.  Keefer  and  B.  McGillivray,  of  Vancouver, 
under  a  lump  sum  contract,  based  on  a  table  of  quantities  furuLshed  by 
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tlie  Company.  The  trenches  were  excavated  to  rqi;nlar  grades,  the 
average  depth  for  12"  pipes  being  3'  6",  for  W^  pipes,  3'  10",  and 
for  22"  pipes  4'  4",  this  gave  a  covering  over  all  pipes  of  not  less  than 
2f  6",  an  amplj  saffioient  depth  in  the  climate  of  Yancouver,  frost 
never  being  known  to  penetrate  the  soil  deeper  than  14  inches. 
When  the  nature  of  the  ground  was  uneven,  and  the  grade  line 
laid  down  gave  excavations  less  in  places  than  these  depths,  the 
difference  was  made  up  by  embankments,  3  feet  wide  on  top,  with 
slopes  of  1]^  to  1.  In  certain  small  gullies,  embankments  6  feet  wide 
on  top,  were  built  under  the  mains,  instead  of  timber  trostling,  there 
being  danger  of  bush  fires  during  the  summer  months.  The  mains  on 
top  of  these  embankments,  and  also  under  all  streams,  are  protected 
from  injury  by  being  enclosed  in  timber  culverts.     (See  Appendix, 

p.  358.) 

• 

ADVANTAGES  OF  STEEL  OVER  WROUGHT  AND  OAST  IRON  MAINS. 

Previous  to  describing  the  ri  vetted  mild  steel  mains  used  by  the  Van- 
couver Water  Works  Co.,  it  may  be  of  interest  to  trace  the  origin  of 
steel  pipes,  and  exemplify  the  many  advantages  possessed  by  them  over 
oast  iron  pipes. 

Up  to  the  year  1845,  cast  iron  was  in  universal  use  for  the  manu- 
facture of  water  pipes ;  but  in  that  year,  Mr.  Jonathan  Ball  invented  and 
laid  in  Saratoga,  N.  Y.,  a  wrought  iron  pipe,  coated  inside  and  out  with 
hydraulic  cement.  This  is  the  first  instance  on  record  in  which  wrought 
iron  water  pipes  were  laid  on  tliis  continent.  Owing  to  the  great  saving 
effected  by  this  invention,  it  rapidly  rose  in  favour,  and  was  adopted  by 
many  cities  in  the  Union.  It  was  soon,  however,  discovered  that  these 
pipes  required  to  be  laid  on  a  perfectly  solid  and  unyielding  foundation.  If 
laid  on  made  ground,  the  slightest  settlement  caused  the  cement  linings  to 
crack  and  leakage  took  place.  The  method  of  lining  and  laying  in  the 
trench  was  cumbersome,  and  could  only  be  employed  to  advantage  near 
thecentres  of  civilization,  where  transport  was  cheap  and  labour  abundant. 
When  it  was  required  to  carry  long  lines  of  water  pipes  over  mountain- 
ous country,  in  wildernesses  entirely  unsettled,  and  without  roads  or  means 
of  conveyance,  engineers  were  confronted  with  the  task  of  devising  another 
and  still  more  economical  pipe.  In  California  and  the  Pacific  States  of  the 
Union,  this  problem  was  successfully  solved  by  the  invention  of  asphal- 
turn  coated  ri  vetted  wrought  iron  pipes.  The  cheapness  of  construction 
of  these  pipes,  and  the  facility  with  which  they  could  be  handled,  and  more 
especially  in  the  mining  districts,  brought  them  at  once  into  general  use. 
In  design  and  construction  they  are  exactly  similar  to  therivettcd  mild 


334  Smith  on  Vancouver  Water  Works. 

steel  mains  described  further  on  in  this  paper.  Between  1870  and 
1885,  the  Risdon  Iron  Works  Company,  of  San  Francisco,  furnished 
yarions  water  and  mining  companies  with  over  150  miles  of  these  pipes 
varying  in  diameter  from  12  to  52  inches.  Among  the  more  notable 
examples  may  be  mentioned  the  following : 

Spring  Valley  Water  Works  Co. — 36  miles  of  pipe  from  18  to 
62  inches  diameter,  and  from  ^f^^  to  f  in.  thick. 

The  Virginia  and  Gold  Hill  Water  Works  Co. — ^3  miles  of 
pipe  11^  inches  diameter,  and  from  ^  to  f  in.  thick.  This  main 
crosses  a  deep  valley  lying  between  its  point  of  supply  at  Lake  Mar- 
lette  and  Virginia  city.  The  bottom  of  the  valley  is  1750  feet  below 
the  level  of  the  lake.  Therefore  this  main  is  subject  to  a  constant  statio 
pressure  of  750  lbs.  per  square  inch  at  its  lowest  point 

The  White  Pine  Water  Works  Co. — 2  miles  of  pipe,  12  inches 
diameter,  y^  to  -f^  in.  thick.  • 

The  Portland  Water  Works  Co. — 4J  miles  of  pipe,  30J  inches 
diameter,  and  -^^  in.  thick. 

The  Cherokee  Flat  Mining  Co. — 3  miles  of  pipe,  30  inches  dia- 
meter, and  from  f?;^  to  f  in.  thick. 

The  great  success  of  asphaltum-ooated  ri vetted  wrought  iron  pipes 
led  to  still  further  researches.  Manufacturers  of  water  pipes  directed 
their  attention  to  the  adaptability  of  mild  steel  for  hydraulic  purposes, 
and  arrived  at  most  gratifying  results. 

The  writer,  in  seeking  information  on  this  subject,  received  from 
Messrs.  Duncan  Bros.,  of  London,  England,  a  pamphlet  on  mild  steel 
mains,  of  which  only  a  few  copies  were  published  by  that  firm  for  pri- 
vate circulation.  The  following  extracts,  givmg  a  comparison  between 
mild  steel,  wrought  iron,  and  cast  iron  for  water  mains,  may  be  of 
interest : 

**  Scientific  investigation  proved  that  in  addition  to  being  more  ductile, 
it  (wrought  iron)  had  greater  tensile  strength  than  cast  iron,  the  relative 
tensile  strengths  pf  cast  iron  and  wrought  iron  being  approximately  1 
and  2.7.  Mild  steel  is  refined  wrought  iron,  being  nearly  pure  metal- 
lic iron,  and  when  rolled  into  plates  its  strength  compared  to  cast  iron 
is  as  4  to  1.  In  consequence  of  its  strength  and  ductility,  it  is  eminently 
adapted  for  all  purposes  to  which  cast  iron  has  been  formerly  applied. 

'<  With  regard  to  strength,  the  ultimate  tensile  strength  usually  men- 
tioned in  specifications  for  cast  iron  pipes  is  18,000  lbs.  per  square  inch 
mild  steel,  however,  is  now  made  with  an  ultimate  tensile  strength  of 
72,000  lbs.  per  square  inch.  It  follows,  therefore,  that  if  pipes  are 
made  of  steel  plates  of  the  same  thickness  as  would  be  employed  in  cast 
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iron,  they  are  approximately  ibnr  times  as  strong.  The  actual  strength 
is  not  exactly  four  times,  because  it  is  not  customary  to  calculate  resis- 
tance to  internal  pressures  with  the  same  co-efficient  or  factor  of  safety 
for  both  materials. 

"  The  factor  of  safety  usually  employed  for  cast  iron  is  10,  that  is  to 
say,  the  working  strength  of  the  material  is  taken  as  only  one  tenth  of 
the  actual  strength,  which,  in  the  case  of  pipes,  means  that  if  the 
internal  working  pressure  is  to  be  100  lbs.  per  square  inch,  the  8trength 
of  the  pipes  is  calculated  to  resist  1000  lbs.  per  square  inch.  For 
wrought  iron,  the  factor  is  6,  and  for  mild  steel  5.  The  reason  for  the 
differences  in  the  factor  of  safety,  is  bacau^  iron  and  mild  steel  are  more 
homogeneous,  and  thus  more  reliable  than  cast  iron. 

"  The  impurities  which  are  present  in  cast  iron  are  of  less  specific  gra- 
vity than  metallic  iron,  and  consequently  the  specific  gravity  of  the 
mixture  called  cast  iron  is  less  than  that  of  pure  metallic  iron.  Mild 
steel  is  the  nearest  approach  to  pure  metallic  iron,  which  commerce  and 
science  combined  have  yet  produced  on  an  extensive  working  scale. 
The  average  weights  of  the  metals  are : 

Cast  Iron.  Wrought  Iron.  Mild  Sted. 

450  480  489.6 

lbs.  per  cubic  foot ;  the  average  weiglit  of  water  is  62^  lbs.  per  cubic 
foot ;  therefure  the  specific  gravities  average 

Water,  Cast  Iron.  Wrought  Iron.  Mild  Sted. 

1  7.20  7.68  7.83 

TABLE  OF  RELATIVE  THICKNESS  FOft  EQUAL  STRENGTH. 

Cast  Iron.  Wrought  Iron.  Mild  Steel. 

Weight  of  plate  in  lbs.,  per  sq.  ft. 

1  inch  thick 37.5  40  40.8 

Tenacity  per  squkre  inch  18,000      48,600  72,000 

Relative  strength  for  equal  thick- 
ness   1  2.7  4 

Factor  of  safety 10  6  5 

Selative  strength  due  to  factor  of 

safety 1  4.5  8 

Seduction  in  strength  due  to  riv- 

etted  joints —  30  p.c.        30  p.c 

Relative  strength  after  reduction 

for  rivetted  joints 1  3.15  5.6 

Relative  thickness  for  plates  of 
equal  strength 1       0.3174  0.1786 
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TABLE  OF  RELATIVE  WEIGHT  FOR  EQUAL  STRENGTH. 

Cast  Iron,  Wrought  Iron.  Mild  SteeL 
Thickness  of  plate  in  inohes,  40ibs. 

weight  per  eq.  ft 1.066  1.00         0.9804 

Belative  strength-for  equal  weight    1  2.533      3.678 

"  "        due  to  factor  of 

safety 1  4.22        7.356 

Belative  streugth  after  reduction 

fur  rivetted  joints 1  2.955      5.149 

Cast  Iron.  Wrought  Iron.  Mild  Sted. 
Weight  of  plain  cylinders  of  equal 

strength  1  0.3384    0.1942 

Increase  in  weight  of  pipes  due  to 

joints 5.8  p.c.  15  p.c.     15  p.o. 

Belative  weight  of  pipes  of  equal 

strength 1  0.3678     0.2111 

"  The  relative  thickness  for  plates  of  equal  strength  for  materials  of  the 
ultimate  tenacity  under  oonsiderudon  are  given  on  the  last  line  of  the 
first  tahle.  In  the  next  tahle,  the  results  obtained  shew  the  relative 
weights  of  pipes  of  equal  strength,  having  socket  and  spigot  joints,  made 
from  materials  of  the  ultimate  tensile  strength  specified. 

"  Applying  these  results  to  an  ideal  case,  we  find  that,  if  it  is  specified 
that  cast  iron  pipes,  to  stand  300  feet  working  head  of  pressure,  and  24 
inches  internal  diameter,  are  to  be  f  inch  (=  .875)  thick,  then  wrought 
iron  pipes  of  the  same  diameter  would  be  .875  x  .3174  =  .2778  inches 
thick,  and  mild  steel  pipes  would  be  .875  x  .1786  =  .1563  inches  thick 
or  suy  ^  in.,  ^  in.  and  h  in.  thick  respectively,  for  equal  internal 
working  pressures. 

''  Then  again,  if  one  mile  of  34  inch  cast  iron  pipc9,  { inch  thick,  made 
up  of  pipes  in  12  feet  lengths,  weighing  24.8  cwt.  each  length,  weighs 
545.6  tons,  the  corresponding  weight  of  one  mile  of  wrought  iron  pipes 
will  be  545.6  x  0.3678  =  200.6  tons, 
and  one  mile  of  mild  steel  545.6  x  0.2111  =  115.2  tons. 

^-  These  results  shew  that  for  equal  diameters,  24  inches,  equal  working 
pressures  of  300  feet  and  equal  lengths  of  one  mile,  the  weights  are 
respectively : 

Ccut  Iron.  Wrought  Iron.  MUd  SteeL 

545.6  200.6  115.2  tons. 

The  price  per  ton  of  mild  steel  pipes  averages  about  4^  times  the  cur- 
rent price  of  cast  iron  pipes  ;  as  the  relative  weights  for  equal  strength 
are  as  1 :  .2111,  it  is  therefore  apparent  that  the  relative  costs  for  a  given 
length  are  as  1 :  0.90,  or  in  other  words,  length  for  length,  at  a  cost  of 
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10  per  cent,  less  than  cast  iron  pipes.  With  regard  to  carriage,  the 
rate  per  ton  by  rail  is  the  same  for  either  cast  iron  or  mild  steel  pipes, 
and  as  the  saving  is  in  the  direct  ratio  of  dead  weight  for  a  given  length, 
the  cost  of  railway  carriage  is  78  per  cent,  less  than  on  cast  iron  pipes, 
and  a  like  saving  can  be  effected  in  handling  the  pipes  at  the  site  of  the 
track  in  which  they  are  to  be  laid. 

'^  The  next  point  to  which  attention  is  directed  is  the  jointing.  As 
mild  steel  pipes  are  so  much  lighter  than  cast  iron  pipes,  it  is  clear  that 
they  may  be  conveniently  handled  in  longer  lengths.  The  system  of 
construction  also  favours  this,  and  in  fact  the  pipes  may  be  made  in 
one  continuous  length,  built  upon  the  site  if  it  is  desired.  The  custom- 
ary methods  are  to  make  them  in  lengths  of  24  feet,  this  being  twice 
the  usual  length  of  cast  iron  pipe,  and  there  are,  consequently,  only  half 
the  number  of  joints.  Taking  the  24  inch  pipes  before  mentioned,  the 
lengths  and  weights  would  be 

CaMt  Iron.     AHild  Sted. 

Diameter 24  inches      24  inches 

Length  of  each  pipe. 12  feet  24  feet 

Weight  do  24.8  cwt.     10.47  owt. 

Relative  weights  per  pipe 1  0.42 

"       lengths       "  1  2 

'^  Again,  taking  the  case  of  one  mile  in  length,  440  pipes  would  be 
required  in  cast  iron,  and  only  220  in  mild  steel,  consequently,  there  is 
a  saving  of  50  per  cent,  in  the  labour  and  cost  of  jointing  a  given 
length.  Then  with  regard  to  each  joint,  the  mean  circumference  of  the 
space  ibr  lead  in  an  ordinary  cast  iron  socket  joint  is  greater  than  in  a 
mild  steel  pipe,  in  consequence  of  the  greater  thickness  of  oast  iron. 
The  reduction  in  the  circumference  of  a  mild  steel  socket  is  equal  to  a 
saving  of  9^  per  cent,  upon  the  weight  of  lead  required  for  a  24  inch 
cast  iron  pipe  socket ;  assuming  that  the  depth  of  lead  i^  the  same  in 
each  case,  the  total  saving  in  lead  is  therefore  59^  per  cent. 

^'  To  shew  the  final  economical  result  in  the  case  of  one  mile  of  24 
inch  pipes  previously  mentioned,  the  several  relative  costs  are : 

Cast  Iron.    Mild  SteeL     Saving. 

Internal  diameter,  inches 24  24 

Length,  mile 1  1 

Number  of  pipes 440  220 

Weight  of  each  pipe,  cwts 24.8  10.47 

"        one  mile,  tons 545.6  115.2 

Relative  cost  per  ton 1  4.25 

of  carriage,  per  ton..  .••  1  1 


u 


Iron.    MUd  Steel 

Saving, 

1            0.2111 

78p.o. 

1            0.7 

30  p.o. 

1            0.5 

'.    50  p.o. 

1            0.905 

'   9ip.o. 

1            0.405 

59ip.o. 

1            0.8 

20  p.o. 

1            0.40 

60  p.c. 

1            0.9 

10  p.o. 

1            0.84 

16  p.o. 

1            0.834 

16.6  p.o. 
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i 
Relative  cost  of  Carriage  on  total.. •• 

"  of  laying  per  yard 

Belative  number  of  joints 

'^     weight  of  lead^  each  joint. . . . 

"         *'        each  mile  . ... 

''    cost  of  making  each  joint ... 
*'         ''      jointing  one  mile...... 

'^    cost  of  total  for  one  mile. ... 

"       "     of  pipes  and  carriage... 
^'       **    of  carriage  and  laying. 
"       "    of  pipes,  carriage,  lay- 
ing and  jointing  one 
mile 1  0.788  21.2  p.o. 

'^  The  saying  actually  effected  in  the  total  outlay  for  one  mile  of  24 
inch  pipes,  is  therefore : 
Cost  of  pipes.      Cost  ofcarriag^j.      Cost  of  laying.      Cost  of  jointing. 

10  p.c.  6  p.c.  0.6  p.c.  4.6  p.c. 

or  a  grand  total  of  212  p.c." 

It  will  be  seen  that  the  above  extracts  treat  of  a  oompari:K)n  between 
cast  iron  mains,  and  mild  steel  mains  fitted  with  faucets  and  spigots. 
This  is  a  cumbersome  arrangement,  and  h:is  been  entirely  discarded  on 
the  Pacific  coast,  the  Moore  and  Smith  joint,  a  description  of  which 
will  be  given  further  on,  taking  its  place.  This  joint  is  specially  adap- 
ted to  aU  pipes  between  the  diameter  of  12'^  and  24'^  When  of  larger 
sizes  the  pipes  are  made  in  plain  lengths  of  24  feet  6  inches,  and  rivet- 
ted  together  in  the  trench. 

THB  MAINS. 

The  rivetted  mild  steel  mains  in  use  by  the  Vancouver  Water  Works 
Company  are  of  three  diameters,  22  inches,  16  inches,  and  12  inches. 
The  22  inch  is  laid  firom  the  dam  to  the  tunnel,  a  distance  of  13,530 
feet,  the  16  iach  from  the  tunnel  to  ordinary  high  water  mark  of  Bar- 
rard  Inlet  on  the  north  shore,  and  from  ordinary  high  water  murk  on 
the  south  shore  to  the  centre  of  the  city,  a  total  distance  of  39,2 11  feet. 
The  12  inch  are  laid  on  both  shores  of  Burrard  Inlet,  between  ordinary 
high  water  marks,  and  the  submerged  12  inch  flexible  main  across  the 
Inlet,  a  total  distance  of  747  feet. 

The  22  inch  and  16  inch  pipes  are  ^,  in.  in  thickness,  and  the  12 
inch  ^  in.  The  latter,  being  laid  below  high  water  mark,  require 
greater    thickness    of  metal    to  withstand  the    corrosive    influence 
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of  salt  water.  These  pipes  were  manufactared  from  plates  imported 
from  England  by  the  Company,  and  rolled,  rivetted,  coated  with 
asphaltam,  and  laid  in  trench  by  the  Albion  Iron  Works  Company  of 
Victoria,  B.C.  Plate  XX  shews  a  longitudinal  section  of  the  16 
inch  pipe.  The  22  inch  and  12  inch  pipes  arc  constructed  in  an 
exactly  similar  manner.  It  will  be  seen  that  the  pipe  is  made  in  7 
oourses,  4  large  or  outside  courses,  and  3  smaller  or  inside  courses,  riv- 
etted  together,  and  having  a  projecting  nipple  at  one  end.  At  the 
foundry,  the  plates  were  trimmed  to  the  exact  sizes  required,  and  the 
rivet  holes  punched  with  multiple  punches  at  one  and  the  same 
time.  Absolute  uniformity  in  size  and  spacing  of  rivet  holes  was  thus 
secured.  Each  plate  was  then  rolled  in  the  usual  manner,  by  means  of 
three  parallel  revolving  cylinders,  which  gave  it  the  circular  form  of 
the  required  diameter.  It  was  then  made  to  encircle  the  vertical  cylin- 
der of  a  hydraulic  rivetting  machine,  which  cold  rivetted  the  straight 
or  longitudinal  seams.  When  *J  plates  had  been  treated  in  this  manner 
and  converted  into  cylinders  3  fb.  6  in.  long,  and  of  diameters  differing 
sufficiently  to  allow  the  ends  of  the  smaller  cylinders  to  be  passed  into 
the  ends  of  the  larger,  they  were  rivetted  together,  so  as  to  form  one 
length.  On  the  lap,  between  two  thicknesses  of  steel  at  the  end  of  e:)ch 
course,  the  plate  was  scraped  down  to  a  fine  edge,  and  a  rivet  driven 
through.  Where  three  thicknesses  of  metal  came  together,  as  when  the 
longitudinal  seams  of  tiie  large  course  overlap  the  smaller  course,  extra 
heavy  lap  rivets  were  used.  The  edges  of  each  sheet  for  3  inches  from 
the  laps  were  chipped  and  caulked.  Straight  and  round  scams  were 
split  caulked.  The  whole  length  was  then  heated  in  an  oven,  and 
immersed  in  a  bath  of  hot  asphaltum.  This  bath  was  an  iron  trough, 
26  feet  long  and  3  feet  wide,  supported  on  brickwork,  and  so  arranged 
that  a  fire  could  be  kept  constantly  burning  underneath.  In  preparing 
the  mixture,  the  trough  was  filled  to  within  a  few  inches  of  the  top 
with  asphaltum  broken  up  into  small  cubes  of  about  an  inch  to  the  side. 

Coal  tar,  devoid  of  all  oily  matter,  was  then  poured  in  till  the 
asphaltum  cubes  were  completely  covered.  The  mixture  was  then 
allowed  to  boil  for  three  hours,  being  constantly  stirred  during  the  pro- 
cess. As  many  pipes  as  the  mixture  would  cover  were  then  dipped  and 
allowed  to  dry.  The  coating  obtained  was  smooth,  tough,  free  from 
brittleness,  and  of  uniform  thickness. 

The  form  of  joint  used  in  connecting  these  pipes  is,  as  before  stated, 
that  invented  by  Joseph  Moore  and  Francis  Smith,  employees  of  the 
Bisdon  Iron  Works  Co.,  San  Francisco.  Plate  XX  shews  a  longitu* 
dinal  section  of  this  joint.     In  making  the  joint  in  the  trenches,  the 
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Dipple  end  of  one  length  of  pipe  was  forced  into  the  larger  end  of  the 
adjoining  length,  hy  means  of  hammering  on  wooden  blocks  placed 
against  the  end  opposite  the  nipple.  The  abutting  ends  of  the  two 
lengths  were  not  driven  up  tight,  a  space  of  from  ^  to  ^  an  inch  being 
left,  for  the  purpose  of  allowing  for  any  expansion  or  contraction  that 
might  take  place.  The  outeide  surface  of  the  pipes  was  then  scarped 
clean  for  about  2^  inches  back  from  the  junction  of  the  two  ends.  A 
band  or  ring  of  diameter  sufficiently  great  to  allow  of  A  inch  play  be- 
tween its  mside  surface  and  the  outside  surface  of  the  pipe,  wus  then 
made  to  encircle  the  j auction.  The  space  between  was  filled  up  with 
lead  in  the  usual  manner,  and  carefully  caulked.  Joints  made  after  this 
pattern,  have  been  in  use  for  15  years,  and  have  given  entire  satisfac- 
tion. Oare  must  be  taken  in  making  this  joint,  that  no  angle 
greater  than  one  degree  is  made  at  the  junction  of  the  two  lengths  of 
pipe,  otherwise  the  lead  packing  will  be  of  unequal  thickness,  and  will,  in 
all  probability,  result  in  a  leaky  joint.  Caulkers,  accustomed  to  jointing 
cast  iron  pipes,  must  be  cautioned,  when  making  for  the  first  time,  a 
Moore  and  Smith  joint,  that  the  steel  pipe  will  only  admit  of  the  lead 
being  packed  to  a  certain  firmness,  the  degree  of  which  can  only  be 
ascertained  by  actual  trial.  If  the  lead  is  beaten  in  between  the  ring 
and  the  pipe  too  tightly,  the  shell  of  the  latter  will  bend  inward^  and 
render  good  work  impossible. 

As  before  stated,  steel  mains  of  more  than  24  inches  diameter,  when 
subject  to  heavy  pressure,  are  usually  made  in  specified  lengths  at  the 
foundry,  and  rivetted  together  in  the  trench.  To  accomplish  this,  it  is 
necessary  that  each  length  shall  have  a  large  course  at  one  end,  and  a 
small  one  at  the  other.  The  large  course  has  its  extreme  end  punched 
for  rivets  at  the  foundry,  while  the  small  course  at  the  other  end  of  the 
length  is  unpunched. 

The  pipes  being  placed  in  the  trench,  the  small  course  of  one  length 
is  forced  by  hammering,  or  other  power,  into  the  punched  laige  course 
of  the  adjoining  length.  The  position  of  the  rivet  holes  on  the  small 
course,  to  correspond  with  those  on  the  large  course,  are  then  marked 
and  screw  punched  after  separation.  This  being  done,  the  two  lengths 
are  again  united,  their  surfaces  pressed  firmly  against  each  other  by 
means  of  a  set  ttool,  and  cold  rivetted  from  the  outside.  The  seam  is 
split  caulked  in  the  usual  manner.  This  makes  the  most  desirable  con« 
nection  for  pipes  of  large  diameter. 

However,  it  may  be  mentioned,  that  a  pipe  of  41  inches  diameter,  and 
subject  to  a  pressure  of  300  feet,  was  laid,  ten  years  ago,  in  the  Sandwich 
Islands.  The  lengths  were  connected  by  Moore  &  Smith  joints,  and 
are  in  active  service  to  this  day. 
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The  Yancoayer  pipes  were  laid  m  the  trench  with  the  straight  seams 
upwards,  so  that  aoj  leakage  might  readily  be  detected,  and  repaired 
by  farther  split  caulking.  In  most  systems,  however,  the  straight  seams 
are  laid  downwards,  the  advantage  of  which  is  that  in  coarse  of  time, 
sediment  gathers  on  the  bottom  of  the  pipe  along  the  edges  of  the  seams, 
and  tends  to  prevent  leakage.     (See  Appendix,  p.  361.) 

BENDS  AND   CASTINGS. 

Inasmuch  as  the  steel  mains  described  in  the  foregoing  pages  were 
constructed  with  a  view  to  securing  absolutely  tight  joints,  the  outside 
surfaces  of  the  nipples  fitted  tightly  against  the  inside  surfaces  of  the 
adjoining  lengths.  Consequently,  no  deviation  from  a  straight  line 
greater  than  one  degree,  could  be  made  between  any  two  lengths  with 
out  special  bends.  By  means  of  specially  adapted  machinery,  steel 
elbows  and  bends  are  made  by  certain  manufacturers,  but  these  lack 
stability  when  the  angle  of  curvature  is  large.  All  bends  in  the  Van* 
couver  system  are  of  cast  iron,  one  inch  thick.  They  are  segments  of  a 
circle,  the  axis  of  the  bend  being  the  circumference,  and  the  radius 
five  feet.  Previous  to  leaving  the  foundry,  they  were  individually 
subjected  to  a  pressure  of  300  lbs.  per  square  inch. 

In  certain  parts  of  the  pipe  line,  north  of  Burrard  Inlet,  the  ground 
traversed,  being  contiguous  to  the  river,  is  irregular  horizontally  and 
vertically,  and  required  bends  ranging  from  5  to  70  degrees  angle  of 
defl3ction.  That  portion  of  the  pipe  line  immediately  south  of  the 
tunnel,  and  following  the  irregularities  of  the  side  hill  for  a  distance 
of  8000  feet,  required  no  less  than  80  bends  of  all  angles  of  deflection, 
being  an  average  of  one  bend  to  every  100  feet  of  length.  The  total 
number  required  by  the  system  from  the  point  of  supply  to  the  centre 
of  the  city  were  179.     (See  Appendix,  p.  363.) 

The  other  castings  connected  with  the  mains,  not  including  the  con- 
nections with  the  city  distribution  system,  are  as  follows :  two  miles  and 
a  half  below  the  dam,  at  the  lowest  depression  between  the  dam  and  the 
tunnel  is  placed  a  blow  off,  8"  oft  22".  This  is  controlled  by  an 
eight  inch  valve,  leading  into  a  12^'  x  12''  box  drain,  which  in  turn 
leads  to  the  river .  To  the  middle  pipe  length  in  the  tunnel  is  affixed 
a  self-acting  Chabot  air  valve,  the  air  passage  of  which  is  2^  inches 
diameter,  and  is  controlled  by  a  brass  valve,  so  that  the  upper  part  con* 
taining  the  rubber  ball  may  be  taken  off  for  examination  at  any  time 
without  the  necessity  of  shutting  off  the  main  at  the  dam. 
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At  Burrard  Inlet,  on  the  north  side  is  placed  a  blow  off,  8'^  off  16^' 
and  on  the  south  side,  12"  off  16",  reducing  to  8",  both  controlled  by 
valves,  and  emptying  into  Burrard  Inlet.  The  ends  of  the  16  inch 
main,  on  both  sides  of  the  inlet,  are  provided  with  ''Y"  breeches,  two  12 
inch  branches  off  16  inch.  These  branches  connect  with  the  double 
line  of  12  inch  mains,  that  will  ultimately  cross  Burrard  Inlet,  and  are 
individually  controlled  by  12  inch  valves,  so  that  each  main  can  be 
shut  off  independently  if  required.  Between  the  Inlet  and  Coal 
Harbour,  on  the  highest  elevation  between  the  two  waters^  is  placed 
another  Chabot  air  valve,  arranged  in  a  manner  similar  to  the  one 
already  described. 

On  both  sides  of  Coal  Harbour  are  placed  blow  offs,  8"  off  16"  dis- 
charging into  Coal  Harbour,  and  finally  a  16  inch  valve  is  located  at 
the  point  where  the  mains  enter  the  inhabited  part  of  the  city.  It 
will  thus  be  seen  that  in  case  of  necessity  the  supply  to  the  city  can 
be  shut  off  at  five  different  places,  viz.,  at  the  entrance  and  outlet  of 
well  chambers  at  the  dam,  on  both  sides  of  Burrard  Inlet,  and  at  the 
entrance  to,  the  city. 

DISTRIBUTION  OF  MAINS,  LEAD  AND  CASTINQS. 

Inasmuch  as  the  pipe  line  between  the  centre  of  the  City  and  Coal 
Harbour  follows  well  graded  streets,  the  distribution  of  steel  mains, 
lead  and  castings  was  attended  with  little  or  no  difficulty.  Ordinary 
four-wheeled  drays,  drawn  by  two  horses  and  accompanied  by  two 
teamsters,  accomplished  this  work  in  a  most  satisfactory  manner,  at  a 
cost  of  $3.00  per  ton. 

The  flexible  mains  for  the  crossings  of  Coal  Harbour  and  Burrard 
Inlet,  were  transported  on  scows  and  discharged  on  the  beach  between 
high  and  low  water  mark  at  a  cost  of  $5.00  per  ton. 

Between  Coal  Harbour  and  Burrard  Inlet  the  first  difficulties  were 
encountered.  The  land  between  these  two  waters  being  heavily  tim- 
bered, and  only  accessible  by  waggon  road  at  both  ends,  rendered 
necessary  the  construction  of  a  temporary  road  parallel  to  the 
pipe  trench,  and  within  easy  reach  of  it.  This  was  of  the  simplest 
character,  being  a  roughly  graded  track,  8  feet  wide,  along  which  and  at 
right  angles  to  it  were  placed,  at  regular  intervals  of  ten  feet,  rough 
undressed  skids.  Sleighs  similar  to  those  used  by  loggers  in  winter,  and 
drawn  by  two  powerful  horses,  carried  two  lengths  of  pipe  per  load 
along  this  road  and  deposited  them  where  required.  The  cost  of  this 
service,  including  the  construction  of  road,  averaged  $5.00  per  ton. 
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Between  Burrard  Inlet  and  the  Dam  the  work  of  distribution  was 
accomplished  under  very  great  difficulties.  As  before  stated,  the 
country  trarersed  by  the  pipe  line  is  very  irregular  and  heavily  timbered. 
No  roads  exist  in  the  vicinity,  and  the  construction  of  an  economical 
mode  of  conveyance  for  the  480  tons  of  steel  mains,  lead  and  castings, 
which  were  to  be  laid  continuously  along  the  pipe  trench,  was  a 
problem,  the  solution  of  which  involved  considerable  ingenuity.  The 
mode  adopted  was  a  combination  of  waggon  road  and  tramway.  A 
tramway  15,400  feet  long  wns  built  from  the  Inlet  to  a  point  on  the 
side  hill  ground,  about  4,000  feet  south  of  the  rock  tunnel.  This 
tramway  is  of  three  feet  gauge  with  4  "  and  5  "  track  timbers,  supported 
on  ties  placed  four  feet  apart.  At  four  points  in  its  course  there  occur 
sudden  breaks  in  ground  level.  The  first  takes  place  5,800  feet  north  of 
the  Inlet,  the  ground  rising  37  feet  in  a  distance  of  135  feet ;  the  second 
at  9,400  feet  north  of  the  Inlet,  the  ground  rising  54  feet  in  a  distance 
of  260  feet;  the  third  at  11,100  feet  north  of  the  Inlet,  the  ground 
rising  27  feet  in  a  distance  of  82  ;  and  the  fourth  at  the  termination  of 
the  tramway,  where  it  leaves  the  pipe  trench  and  climbs  the  face  of  the 
side  hill  to  the  flat  above.  The  total  rise  at  this  point  is  80  feet  in  a 
distance  of  150  feet.  In  distributing  the  pipes  along  the  tramway,  each 
car,  pulled  by  one  horse,  carried  three  lengths  of  16-inch  pipe.  On 
arrival  at  one  of  the  above-mentioned  changes  of  level,  the  horse  was 
removed  from  the  car  to  the  top  of  the  rise,  where  it  was  made  to  haul 
on  a  cable  connected  with  the  car,  until  the  car  also  had  reached  the 
top.  At  the  termination  of  the  tramway  a  wa^on  road  was  built  fol- 
lowing the  edge  of  the  flat,  a  distance  of  4,000  feet,  to  the  rock  tunnel. 
At  suitable  intervals  clearings  were  made  from  the  waggon  road  to  the 
pipe  trench  on  the  side  hill  below,  down  which  the  pipe  lengths  were 
lowered,  one  at  a  time,  by  cables. 

At  the  rock  tunnel  the  face  of  the  Cation  slopes  downwards  164  feet 
in  a  distance  of  400  feet.  A  short  tramway  was  built  down  this  steep 
descent,  and  loaded  cars  lowered  down  by  cables.  From  the  foot  of 
this  CafLon  a  waggon  road  was  built  and  operated  in  a  manner  similar 
to  that  between  Coal  Harbour  and  Burrard  Inlet. 

The  prices  paid  for  the  distribution  of  mains,  lead  and  castings  north 
of  Burrard  Inlet  were,  for  the  first  1268  feet  $7.64  per  ton,  for  the  next 
18,859  feet  $12.87  per  ton,  and  for  the  next  18,516  feet  $14.85  per 
ton.  These  prices  included  the  building  of  the  tramway  and  the 
waggon  roads  as  well  as  the  cost  of  the  distributing  mains. 

G 
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LATINO  THE  SUBMERGED  MAIN  AT   FIRST   NARROWS. 

Haying  in  view  the  difficulty  of  effecting  repairs  in  pipes  laid  ander 
water,  and  the  disastroas  consequences  that  might  result  from  a  tem- 
porary stoppage  of  the  city's  water  supply  should  a  break  take  place, 
through  unavoidable  causes,  the  design  for  crossing  the  first  narrows, 
instead  of  being  one  16  inch  main,  comprised  its  equivalent,  two 
separate  lines  of  12  inch  mains,  50  feet  apart,  and  capable  of  independent 
action  by  means  of  stop  valves  placed  at  high  water  mark  on  each  side 
of  the  Inlet.  Up  to  the  present  only  one  of  these  lines  has  been  laid  in 
position  on  the  bed  of  the  Inlet,  made  up  of  746  feet  of  plain  rivettcd 
steel  pipes ;  261  feet  of  ri vetted  steel  pipe,  fitted  with  cast  iron  flexible 
joints,    and  1236  feet  of  cast  iron  flexible  joint  pipe. 

The  plain  rivettcd  steel  pipe  is  placed  at  each  end  of  the  line,  584 
feet  on  the  north  shore  and  162  feet  on  the  south  shore.  The 
rivettcd  steel  pipe  with  flexible  joints  is  placed  on  the  north  shore  be- 
tween the  plain  pipes  and  the  cast  iron  flexible  pipes,  and  the  latter  are 
placed  on  the  bed  of  the  Inlet,  reaching  from  low  water  to  low  water 
mark. 

The  construction  and  details  of  the  plain  pipe  have  been  already 
described.  The  flexible  steel  pipe  is  in  lengths  of  22'  2"  over  all,  and  is 
exactly  similar  to  the  plain  pipe,  but  provided  with  cast  iron  spi«;ots  and 
faucets,  bored  and  turned  in  the  same  manner  as  the  cast  iron  flexible 
pipes.  The  latter  are  of  the  pattern  known  as  the  Ward  patent  flexible 
joint  pipe.  They  were  manufactured  in  Scotland,  and  are  oChard  close 
grained  white  cast  iron,  thoroughly  coated  with  Dr.  Smith's  coal 
pitch  varnish.  Each  length  is  12'  4"  over  all,  ^in.  thick,  weijyhs 
1280  lbs.,  and  is  warranted  by  the  manufacturers  to  stand  with 
safety  the  pressure  due  to  a  column  of  water  600  feet  high.  Each 
joint  required  70  lbs.  of  the  best  Spanish  pig  lead.  Plate  XX  shews 
a  longitudinal  section  of  this  joint.  The  larger  portion  of  the  inside 
surface  of  the  bell  or  faucet  forms  a  spherical  zone,  the  centre  of  which 
is  a  point  on  the  axis  of  the  faucets  at  such  a  distance  from  its  mouth, 
that  the  inside  diameter  of  the  latter  is  greater  by  half  an  inch  than 
the  inside  diameter  of  the  shoulder.  The  extreme  end  of  the  spigot  is 
turned  truly,  and  exactly  fits  the  inside  surface  of  the  faucet.  The 
outer  end,  or  the  end  encircled  by  the  mouth  of  the  faucet,  is  of  smaller 
diameter,  so  as  to  allow  half  an  inch  of  space  between  the  two  surfaces 
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for  lead  packing.  At  the  middle  of  the  spigot  is  a  circular  groove,  a 
quarter  of  an  inch  deep  and  an  inch  and  a  halt*  wide,  which  serves  the 
purpose  of  retaining  the  lead  packing,  and  prevents  the  joint  from  pull- 
ing asunder,  when  exposed  to  tensile  strain.  This  joint  is  capable  of 
motion  through  an  angle  of  12  degrees,  and  i^  complete  circle  can  be 
made  with  30  lengths. 

The  contract  for  furnishing  and  laying  the  single  line  of  cast  iron 
flexible  joint  pipe  was  let  on  the  1st  of  November,  1887^  to  the  inventor 
and  patentee  of  the  joint,  Mr.  John  F.  Ward,  late  chief  engineer  of  the 
Jersey  City  Water  Works.  The  price  agreed  on,  which  covered  all  risks 
and  contingencies,  was  nine  dollars  per  lineal  foot. 

Mr.  Ward  has  devoted  many  years  of  his  life  to  laying  submerged 
pipes  of  all  diameters,  and  has,  hitherto,  met  with  unfailing  success. 
Among  some  of  the  more  pi'ominent  works  standing  to  his  credit,  may 
be  mentioned  the  six  inch  pipe  crossing  the  Delaware  River  at  Easton, 
Pa.,  the  12  inch  pipe,  9B3  feet  long  above  the  dam,  at  Lawrence,  Mass., 
and  the  two  lines  of  8  inch  pipe  crossing  Shirley  Gut,  Boston  Harbour, 
a  channel  400  feet  wide,  and  37  feet  deep,  through  which  a  tidal  cur- 
rent flows  at  the  rate  of  7^  miles  per  hour. 

Mr.  Ward,  on  his  ariival,  made  a  thorough  inspection  of  the  crossing, 
and  expressed  himself  as  confident  of  being  able  to  complete  his  contract 
with  ease  and  rapidity.  Accordingly  on  the  21st  of  April,  1888,  he 
began  operations,  his  plan  being  to  joint  the  pipes  on  a  suitable  plat- 
form stationed  at  low  water  mark  on  the  north  shore,  and  by  means 
ofa  stationary  engine  on  the  south  shore,  to  haul  them  across,  length  by 
length.  Inasmuch  as  Mr .  Ward  failed  to  carry  out  this  plan  to  com- 
pletion, the  writer, without  expressing  any  opinion  as  to  its  practicability, 
will  merely  describe  his  mode  of  procedure. 

The  structure  erected  on  the  north  shore  of  the  Inlet,  on  which  the 
pipes  were  jointed,  was  a  frame  work  staging  of  sufficient  height  to 
reach  above  extreme  high  water,  and  strong  enough  to  resist  the  force  of 
the  incoming  and  outgoing  tides.  In  the  middle  of  this  stage  was  con- 
structed a  sloping  platform,  extending  from  the  front  face,  4  feet  below 
the  top,  down  to  the  ground  at  the  rear  face,  or  the  face  fronting  the 
Inlet.  The  object  of  the  platform  was  to  admit  of  the  pipes  being 
jointed  in  an  inclined  position,  and  therefore  sliding  easily  to  the  ground, 
when  the  hauling  power  was  applied .  The  104  lengths  of  pipe  required 
to  reach  from  shore  to  shore  were  piled  within  easy  reach  of  the  plat- 
form. The  engine  on  the  south  side  of  the  river,  opposite  the  platform 
and  at  a  distance  of  1400  feet  from  it,  was  of  30  H.  P.,  and  revolved 
anordmary  drum,  to  which  was  attached  a  hundred  feet  of  wiou^hb 
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iron  chain,  oonnecting  with  a  oontinnoos  wrought  iron  rod  of  1^  inches 
diameter.  This  rod  reached  clear  across  the  Inlet,  and  was  attached 
to  the  rear  end  of  the  first  length  of  pipe  lying  on  the  sloping  platform 
of  the  staging.  The  rod  was  made  from  round  iron  in  lengths  of  51 
feet,  jointed  together  hy  common  screw  anions,  its  whole  tensile  strength 
being  that  due  to  the  resistance  offered  to  stripping  by  the  threads  of 
the  unions. 

When  Mr.  Ward  had  completed  these  arrangements,  he  began  with- 
out delay  to  joint  the  lengths  together.  To  the  length  lying  on  the 
platform,  the  spigot  end  of  which  faced  the  Inlet,  a  second  length  was 
Jointed  in  the  usual  manner. 

The  engine  oci  the  south  side  was  then  put  in  motion,  and  the  first 
length  hauled  forward  a  distance  equal  to  its  own  length,  leaving  the 
second  length  to  fill  the  place  preyiouely  occupied  by  the  first.  A 
third  length  was  then  jointed  to  the  second,  the  engine  apain  pulled 
forward,  until  the  third  length  occupied  the  place  vacated  by  the  second. 
It  was  intended  to  repeat  this  operation  until  the  whole  104  lengths 
had  been  dragged  across  the  bottom  of  the  Inlet.  However,  after  18 
lengths,  covering  a  distance  of  21 6  feet,  had  been  submerged,  Mr. 
Ward  concluded  to  substitute  a  f^teel  wire  cable  for  the  wrought  iron 
rod.  In  stretching  this  cable  across  the  Inlet,  it  unfortunately  fouled 
on  a  small  boulder,  about  200  feet  above  the  pipe  line,  and  such  efforts 
as  were  made  to  dislodge  it  proved  unavailing.  Mr.  Ward  then  noti- 
fied the  company  that  urgent  private  business  compelled  him  to  leave 
the  works  for  St.  Paul,  Minn.  He  did  not  return,  but  shortly  afler« 
wards  officially  abandoned  the  contract. 

On  July  9th,  more  than  a  month  after  Mr.  Ward's  failure,  the 
company  contracted  with  Messrs.  H.  F.  Keefer  and  D.  McQillivray, 
the  gentlemen  who  already  held  the  contract  for  trenching  and  refilling, 
to  complete  the  work  according  to  certain  specifications,  from  which 
the  following  clauses  are  extracted : 

*^  The  total  length  of  the  crossing  to  be  made  is  1248  feet,  extending 
from  low  water  mark  on  the  south  shore  to  low  water  mark  on  the 
north  shore.  These  points  will  be  defined  by  stakes  placed  by  the 
company's  engineer,  and  the  whole  main  when  finally  laid  shall  be  in  a 
perfectly  straight  line  between  them. 

'^  Each  pipe  length,  previous  to  being  placed  in  position,  shall  be  well 
and  carefully  tested  for  fiaws  in  manufacture,  cracks,  air-holes,  and 
other  defects,  by  the  usual  process  of  suspending  in  slings  and  tapping 
with  hammer.  Should  any  be  found  defective,  they  shall  be  discarded, 
and  the  engineer  notified  of  the  same. 
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''  The  lead  to  be  used  in  jointing  shall  be  that  known  as  *  Best  Spanish 

Pig.' 

''  The  whole  number  of  pipe  lengths^  previons  to  being  placed  in  final 
position  on  the  bed  of  the  first  narrows,  shall  be  jointed,  leaded,  and 
made  perfectly  water-tight  on  dry  land,  and  on  snch  a  structure  as  will 
admit  of  the  whole  length  of  1248  feet  being  of  easy  aooess  for  the  pur- 
pose of  inspection. 

**  A  test  pressure  of  not  less  than  300  lbs.  per  square  inch  shall  then 
be  applied  by  the  contractors,  in  theprescDce  of  the  Company's  Engineer, 
the  leakage  under  which,  throughout  the  whple  length  of  1248 
feet^  shall  not  exceed  one  cubic  foot  per  minute.  Such  joints  as  may 
prove  defective  under  this  pressure  shall  be  made  good  by  the  con- 
tractors at  their  own  expense,  and  such  pipe  lengths  as  may  leak  or  give 
evidence  of  fiaws  shall  be  removed  by  the  contractors,  and  replaced  by 
sound  lengths,  the  cost  of  which  shall  be  defrayed  by  the  company. 

«  The  Engineer's  approval  of  the  main,  after  the  application  of  the 
above  test  being  given,  the  contractors  shall  be  at  liberty  to  place  it  in 
position  on  the  bed  of  the  first  narrows,  which  being  done,  a  similar 
test  pressure  of  300  lbs.  per  square  inch,  subject  to  the  same  conditions^ 
shall  be  applied. 

"  A  diver  will  be  appointed  by  the  company  to  inspect  the  main  when 
finally  laid  in  position,  and  on  his  report  such  alterations  in  its  position 
as  may  be  rendered  necessary  by  reason  of  its  resting  on  boulders  or 
sharp  irregularities  of  the  bed  of  the  Inlet,  shall  be  made  by  the  con- 
tractors, and  nt  their  expense,  provided  the  total  cost  does  not  exceed 
five  hundred  dollars.  All  costs  over  this  amount  shall  be  defrayed  by 
the  company." 

Messrs.  Keefer  and  McOiUivray  entered  into  the  fulfilment  of  their 
oontract  with  energy.  A  30  H.  P.  engine  was  stationed  on  the  north 
shore  of  the  Inlet,  between  high  and  low  water  marks.  With  thb  the 
18  lengths  submerged  by  Mr.  Ward  were  hauled  back  to  dry  land.  A 
trench,  4  feet  wide,  4  feet  deep,  and  1300  feet  long,  was  excavated  on 
the  line  of  the  crossing  on  the  north  shore.  Parallel  continuous  runners 
of  barked  fir,  three  in  number,  were  plaoed  in  the  bottom  of  the  trench, 
in  such  a  manner  that  the  bell  end  of  each  pipe  when  jointed  would 
rest  on  the  central  runner,  and  be  supported  on  each  side  by  the 
other  two  runners.  A  frame  work  staging,  similar  to  that  employed 
by  Mr.  Ward,  was  built  over  the  trench  and  supported  on  rollers,  on 
which  it  could  readily  be  moved  over  the  whole  length  of  the  trench. 
On  this  staging  with  its  sloping  platform,  the  whole  number  of 
pipe  lengths  were  jointed,  the  operation  being  very  similar  to  that  of 
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paying  off  a  cable  from  a  moying  Bhip.  As  soon  as  the  first  joint  was 
made,  the  staging  was  moved  forward  till  the  first  pipe  length  rested  on 
the  runners  in  the  trench,  leaving  the  second  in  the  place  vacated  by 
the  first.  A  third  pipe  was  then  hoisted  up  by  winches,  its  spigot  end 
inserted  into  the  bell  of  the  second,  and  carefolly  adjusted  in  exact  line. 
Molten  lead  was  then  poured  in  and  caulked  in  the  usual  manner. 
This  done^  the  staging  was  again  moved  forward  and  another  pipe 
adjusted,  the  operation  being  repeated  day  by  day,  till  one  hundred 
lengths  had  been  connected.  As  before  stated  104  lengths  were  pro- 
vided, but  during  the  process  of  jointing,  fonr,  shewing  evident  signs 
of  fracture,  were  discarded. 

Immediately  on  the  completion  of  the  work  of  join  tins;,  both  ends 
of  the  chain  of  pipes  were  securely  capped,  and  the  stipulated  test 
pressure  of  300  lbs.  per  square  inch  applied. 

A  first  attempt  was  made  to  apply  the  pressure  by  means  of  a  hand 
pump,  worked  by  six  men,  forcing  a  stream  of  water  into  a  circular 
opening,  one  inch  in  diameter,  provided  for  that  purpose  in  the  cap  on 
the  north  end.  It  was  speedily  found,  however,  that  owino;  to  the 
leakage  at  the  joints,  slight  as  it  was,  this  method  was  not  powerful 
enough  to  keep  the  chain  of  pipes  full  and  attain  the  required  pressure. 
The  stationary  engine,  situated  midway  between  high  and  low  water 
mark,  was  then  brought  into  requisition.  The  middle  length  of  the 
chain  of  pipes  was  tapped,  and  by  means  of  the  engine,  water  was 
pumped  in  until  the  first  defective  pipe  manifested  itself,  which  occurred 
when  the  gauge  registered  30  lbs.  per  square  inch.  This  length  was 
immediately  broken  up  by  sledge  hammers,  the  bell  cut  by  a  cold 
chisel,  split  open,  and  the  lead  removed. 

The  two  portions  of  the  chain  of  pipes  were  then  hauled  together  by 
means  of  the  engine,  and  re-jointed.  Pressure  was  again  applied  until 
the  second  injured  pipe  gave  way. 

This  operation  was  repeated  until  no  less  than  eight  defective  pipes 
had  been  removed.  The  remaining  92  sustained  the  required  pressure 
of  300  lbs.  per  square  inch  for  a  period  of  five  minutes,  during  which 
each  length  was  subjected  to  heavy  blows  from  a  1 2  lb.  hammer.  As 
the  joints  sustained  this  severe  pressure  without  exceeding  the  specified 
amount  of  leakage,  and  as  every  length  seemed  to  be  absolutely  free 
from  defects,  the  test  was  considered  eminently  satisfactory.  The 
following  table  shews  the  pressures  at  which  the  different  pipe  lengths 
gave  evidence  of  the  fractures  they  had  sustained  during  their  repeated 
handlings,  and  which  were  not  detected  by  the  process  of  **  ring- 
ing." 
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Number  of  Leneth, 
reckoning  from 
north  end  of 
pipe  chain. 

5th 

9th 

10th 

3l8t 

37th 
38th 

5l8t 

64ih 

Notwithstanding  the  additional  loss  of  these  8  pipes,  it  was  deemed 
advisahle  to  proceed  with  the  submersion  of  the  remaining  92,  the 
shelving  nature  of  the  north  shore  being  such  that  the  north  end  of  the 
chain  of  pipes,  when  laid  in  position,  would  not  be  covered  by  more 
than  two  feet  of  water  at  low  tide,  and,  therefore,  it  would  be  no  difficult 
matter  to  raise  that  end  at  any  future  convenient  time,  and  add  the 
whole  12  lengths  necessary  to  complete  the  crossing  as  planned. 

The  plan  adopted  for  placing  this  long  line  of  heavy  flexible  pipes 
in  position  on  the  bed  of  the  Inlet  was  direct  hauling  from  shore  to  shore, 
during  the  half  tides  which  occur  in  the  Inlet  during  the  months  of  July 
and  August.  For  the  purpose  of  lessening  the  weight  as  much  as  possi- 
ble, each  length  was  encircled  by  a  wrought  iron  ring,  to  each  of  which 
floats  of  509  lbs.  buoyancy  were  attached.  To  prevent  as  much  as 
possible  the  forward  end  of  the  chain  of  pipes  from  ploughing  a  deep 
furrow  in  the  bed  of  the  Inlet  during  the  process  of  hauling,  it  was 
buoyed  up  by  a  number  of  cedar  logs  laid  lengthways.  The  hauling 
gear  was  as  follows — (See  Plate  XIX).  To  the  rear  end,  that  is 
the  end  farthest  from  the  water,  was  attached  a  9  inch  manilla  cable 
of  44,800  lbs.  ultimate  tensile  strength,  and  600  feet  long,  which  was 
connected  with  the  30  H.  P.  Engine,  stationed  on  the  same  shore, 
midway  between  high  and  low  water  marks.  To  the  middle  length 
was  attached  a  4  inch  steel  cable  of  52,000  lbs.  ultimate  strength,  and 
1880  feet  long,  which  connected  with  a  30  H.  P.  engine  stationed  on 
the  south  or  opposite  shore.  Midway  between  the  middle  length  and 
the  forward  end  of  the  chain  of  pipes,  a  similar  steel  cable  1,600  feet 
long  was  attached,  which  also  connected  with  a  30  H.  P.  engine  on  the 
opposite  shore.  A  third  steel  cable  of  the  same  strength,  and  1,325 
feet  long,  was  attached  to  the  forward  end  of  the  chain  of  pipes.  This 
latter  connected  with  two  30  H.  P.  engines  on  the  opposite  shore.  It 
will  thus  be  seen  ihat  there  were  no  less  ihan  three  4  inch  steel  wire 
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cables,  and  one  9  inch  manilla  cable  attached  to  the  chain  of  pipes,  the 
total  ultimate  strength  of  which  was  very  nearly  90  tons.  The  total 
effective  strength  of  the  engines  pulling  the  tackle  connected  with  these 
cables  aggregated  150  horse  power. 

The  four  engines  on  the  south  side  were  stationed  on  the  beach  at 
high  water  mark.  The  blocks  and  tackle  were  arranged  in  three  par- 
allel rows  10  feet  apart  on  the  flat  immediately  to  the  rear  of  the  engines. 
This  fiat  being  densely  timbered  with  the  huge  trees  peculiar  to  the 
Pacific  coast,  the  space  cleared  in  which  to  oprate  the  tackle  was 
necessarily  limited.  The  blocks  were  securely  anchored  to  huge 
stumps  in  the  vicinity  by  heavy  wrought  iron  chains.  The  pulleys,  one 
of  which  was  four  sheaved  and  two  three  sheaved,  had  a  clear  distance 
of  56  feet  in  which  to  operate.  The  manilla  cables  passing  through 
the  sheaves  were  connected  to  the  wire  cables  by  wrought  iron  grips 
invented  for  the  occasion  by  the  contractors. 

All  arrangements  having  been  satisfactorily  completed,  the  engines 
were  set  in  motion  on  the  28th  of  August,  1888,  at  10  a.  m.  The  steel 
cables  straightened  out  and  remained  taut  and  stationary,  but  only  for 
a  minute.  A  sudden  slackening  took  place,  and  the  whole  chain  of 
pipes  took  a  forward  motion  of  several  feet,  and  from  that  instant  the 
success  of  the  undertaking  was  an  assured  fact.  There  had  been  a 
question  as  to  whether  the  joints  would  withstand  the  enormous  tensile 
strain  brought  to  bear  on  them^  but  it  now  became  certain  that  the 
lead  packing  would  remain  intact  as  long  as  the  cast  iron  bell  held 
together. 

Owing  to  the  extreme  distance  between  the  blocks  and  pulleys  being 
no  more  than  56  feet,  the  tackle  connecting  them  had  to  be  overhauled 
every  advance  of  56  feet  made  by  the  chain  of  pipes.  The  process  of 
hauling  was  therefore  necessarily  slow ;  but  being  kept  up  without  inter- 
mission, at  7  p.  m.  the  forward  end  of  the  chain  of  pipes  arrived  at  its 
destination  on  the  south  shore. 

On  the  day  following,  at  slack  tide,  a  skillful  marine  diver  walked 
across  the  bed  of  the  Inlet,  following  the  chain  of  pipes,  entering  on  the 
south  shore  and  emerging  on  the  north.  His  report  was  to  the  efiect 
that  the  whole  line  of  pipes  was  lying  on  the  bed  of  the  inlet  in  a  per- 
fectly straight  line,  without  sag  or  bend,  that  the  heavy  projecting  bells 
of  the  pipes,  as  they  were  being  drawn  over,  had  scooped  a  deep  groove 
in  the  soft  sandstone  rock,  and  that  the  whole  chain  of  pipes  was  resting 
in  a  rock  trench  of  its  own  excavating ;  that  above  this  trench  silt  was 
rapidly  gathering,  and  that  in  his  unqualified  opinion  the  pipes  would 
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in  a  few  weeks  be  entirely  covered  over,  rendering  their  permanency  and 
safety  beyond  question. 

The  day  following  this  examination,  the  contractors  applied  the 
final  test  pressure  of  300  lbs.  per  square  inch  as  called  for  by  the 
specifications.  An  opening  was  made  in  the  cap  on  the  end  length,  the 
pipes  filled  with  water  by  steam  pumps,  and  the  required  pressure 
steadily  maintained  for  five  minutes  of  time,  without  perceptible  leakage. 
The  enormous  strain  on  the  joints  apparently  had  no  other  than  a  bene- 
ficial effect,  having  compacted  the  lead,  and  rendered  the  whole  line 
perfectly  water-tight.  Eleven  of  the  12  pipes  which  had  been  discarded 
were  subsequently  replaced  by  pipes  cast  by  the  Albion  Iron  Works  Co. 
of  Victoria,  tested  to  a  pressure  of  300  lbs.  per  square  inch  before 
leaving  the  foundry.  No  difficulty  was  experien^d  in  attaching  these 
to  the  main  already  submerged.  The  end  of  that  main  having  been 
lifted  up  was  buoyed  on  the  deck  of  a  small  scow.  The  additional 
lengths  were  added  one  by  one,  the  scow  being  moved  forward  as  each 
length  was  jointed,  until  the  whole  eleven  rested  in  position  on  the  bed 
of  the  Inlet.  It  was  found,  however,  at  a  later  date  that  owing  to  the 
shelving  nature  of  the  north  shore,  and  the  fluctuations  of  the  tides,  a 
satisfactory  connection  between  the  end  of  the  cast  iron  flexible  pipe  and 
the  plain  rivetted  steel  pipes  could  not  be  made.  Twelve  of  the  laj^ter 
were  accordingly  fitted  with  fiexible  cast  iron  spigots  and  faucets,  similar 
to  those  shewn  on  Plate  XX,  and  connected  with  the  cast  iron  pipes, 
making  a  total  length  of  1496^  feet  of  flexible  pipe,  covering  a  hori- 
Eontal  distance  of  1483^  feet. 

When  the  project  for  supplying  the  city  of  Vancouver  with  water 
from  the  River  Gapilano,  by  means  of  a  submerged  main  across 
finrrard  Inlet,  was  first  made  public,  considerable  interest  was  evinced 
by  both  engineers  and  civilians.  Printers'  ink  was  called  into  requisition 
and  many  articles  published  demonstrating  the  utter  impracticability 
of  the  project. 

The  complete  success  of  the  undertaking  is  an  irrefutable  answer  to  all 
the  adverse  theories  advanced.  However,  it  may  be  of  interest,  even 
at  this  late  day,  to  mention  some  of  the  objections  urged  and  believed 
in  up  to  the  successfnl  completion  of  the  work,  and  the  published  answers 
thereto. 

Objection  1. 

That  the  known  force  of  the  current  in  the  first  narrows  would 
cause  the  chain  of  pipes  to  sway  up  and  down  the  bed  of  the  Inlet  with 
each  change  of  tide,  and  eventually  result  in  separation  of  the  joints. 

Answer — That  it  could  be  mathematioaliy  demonstrated  (calculation 
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shewn),  that  the  force  of  the  current  was  altogether  insafficient  to  pro- 
dace  the  results  stated,  and  that  the  proposed  method  of  laying  the 
pipes  by  "  direct  hauling  "  from  shore  to  shore  would  result  in  the 
sharp-edged  bells  of  the  pipes  cutting  a  groove,  sufficiently  deep  to 
embed  the  whole  chain,  and  thus  effectually  destroy  the  possibility  of 
motion. 

Objection  2. 

That  the  current  would  create  a  friction  that  would  scour  off  any 
coating  that  might  be  put  on  to  protect  the  pipes  from  corrosion. 

Answer. — ^That  the  pipes  being  embedded  in  the  bottom  of  the  inlet, 
and  covered  by  silt,  would  be  absolutely  free  from  frictional  action. 

Objection  3. 

That  vessels  might  accidentally  drop  anchor  on  the  pipes,  or  that  ves- 
sels, finding  themselves  in  danger  of  drifting  ashore,  through  stress  of 
woather  or  other  causes,  might  be  obliged  to  drop  their  anchors  on  the 
bottom,  and  as  a  result  hook  on  to  the  chain  of  pipes  and  break  it  asun- 
der. 

Answer. — ^That  the  thickness  of  the  pipe  shells  if  exposed  to  the 
shock  of  a  falling  anchor  would  be  sufficient  to  keep  tbem  intact,  and 
that  if  the  anchor  fluke  of  a  drifting  vessel  were  to  bury  itself  under 
the  chain  of  pipes,  the  vessel  would  be  securely  anchored,  and  would  be 
obliged  to  wait  for  the  turn  of  the  tide  to  free  herself,  such  cases 
occurring  daily  in  Boston  Harbour  and  elsewhere. 

Objection  4. 

That  salt  water  would  cause  galvanic  action  of  a  destructive  nature 
to  take  place  at  the  joints  where  lead  and  cast  iron  were  in  close  con- 
tact. 

Answer. — ^That  there  is  no  instance  on  record  of  destructive  galvanic 
action  having  occurred  in  the  case  of  lead  and  cast  iron  in  contact  under 
salt  water. 

Objection  5. 

That  the  chain  of  pipes,  being  of  cast  iron,  would,  owing  to  the 
action  of  salt  water,  speedily  become  sod  like  plumbago,  and  in  a  few 
months  become  utterly  worthless. 

Answer. — ^That  softening  of  cast  iron  exposed  to  the  action  of  salt 
water  takes  place  only  in  castings  of  inferior  metal,  and  that  it  is  on 
record  that  castings  of  close  grained,  hard,  white  metal  had  resisted  the 
corroding  action  of  salt  water  for  40  years  and  upwards. 

Objection  6. 

That  in  the  case  of  a  Narrows,  connecting  a  large  inland  basin  with 
the  sea,  where  the  tide  has  a  rise  and  fall  of  12  feet,  the  counter  car- 
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rents  in  such  a  restricted  passage  defied  calcnlation,  and  were  more 
likely  to  be  greater  at  the  bottom  than  at  the  snrface. 

Answer. — That  the  laws  of  nature  are  unchangeable,  and  that  the 
future  experiments  of  the  company's  engineers  would  amply  demonstrate 
that  it  was  impossible  for  a  current  exposed  to  the  influence  of  a  vast 
friction  bed,  like  the  bottom  of  Burrard  Inlet,  to  be  greater  than  the  free 
and  unrestricted  current  of  the  surface. 

Objection  7. 

That  the  p*eat  force  of  t]ie  current  rendered  it  imperative  that  the 
whole  chain  of  pipes  should  be  laid  in  the  short  interval  of  slack  water 
between  two  tides,  which  did  not  exceed  twenty  minutes  duration,  and 
that  no  means  could  be  devised  to  perform  such  an  arduous  undertak- 
ii^  in  such  a  short  period  of  time. 

Answer. — That  the  method  proposed  by  the  company,  of  jointing  the 
pipes  and  hauling  them  in  a  continuous  chain  across  the  inlet,  would, 
as  before  f>tated,  entrench  the  pipes,  and  cause  a  resistance  to  motion 
which  would  render  it  immaterial  whether  the  pipes  were  laid  in  twenty 
minutes  or  twenty  hours. 

Objection  8. 

That  the  method  of  laying  the  pipes  proposed  by  the  company,  viz.— 
jointing  and  hauling  in  one  continuous  chain,  was  impossible,  as  no 
pipe  joint  could  be  made  strong  enough  to  withstand  the  enormous  ten- 
sile strain  this  method  would  entail. 

Answer — That  the  construction  of  the  Ward  flexible  joint  was  of  such 
a  nature  that  the  lead  packing  could  not  be  pulled  out,  and  before  a 
joint  could  break  asunder,  it  would  be  necessary  for  the  cast  iron  bell 
to  give  way,  and  that  in  consequence  the  strength  of  the  joint  was 
limited  only  by  the  sectional  area  of  cast  iron  exposed  to  the  tensile 
strain. 

Objection  9. 

That  there  were  no  instances  on  record  of  pipes  laid  in  salt  water 
subject  to  a  tidal  current  of  9  miles  per  hour,  where  the  depth  of  the 
channel  was  60  feet,  and  the  width  1240  feet. 

Answer — That  this  was  most  certainly  true,  and  that  when  the 
Vancouver  Company's  submerged  main  was  laid,  it  would  serve  as  a 
precedent  for  similar  works  on  a  more  gigantic  scale. 

The  above  objections  and  answers,  and  many  more  of  a  like  nature, 
were  publicly  discussed  and  argued  upon  by  professional  men.  Elabor- 
ate and  specious  mathematical  calculations  were  produced  in  support 
of  each  theory.  However,  as  the  work  is  now  an  accomplished  fact, 
all  opposing  theories  are  thereby  proved  worthless. 
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In  regard  to  the  ninth  objection,  the  writer  is  well  aware  that  no 
similar  work  of  a  like  magnitude  has  ever  been  attempted.  Greater 
lengths  of  flexible  pipes  have  been  laid  io  lakes,  rivers,  and  ooean 
bays ;  but  previous  to  the  laying  of  the  submerged  main  across  Barrard 
Inlet,  no  pipe  of  12  inches  diameter  and  1100  feet  in  length  had  been 
laid  in  salt  water  60  feet  deep,  on  a  smooth  rock  bottom,  and  exposed 
to  a  tidal  current  of  9  miles  per  hour.  The  nearest  approach  to  it  is 
the  Shirley  Gut  pipe,  8  inches  diametor,  laid  by  Mr.  Ward  many 
years  ago,  which,  as  before  stated,  crosses  an  arm  of  the  sea,  400  feet 
wide,  37  feet  deep,  and  subject  to  a  tidal  current  of  7^  miles  per  hour. 
The  double  line  of  16  inch  flexible  pipe  laid  across  San  Francisco  Bay 
for  the  San  Francisco  Wator  Works  Co.  is  the  longest  chain  of  sub- 
merged pipes  yet  laid.  The  pipes  are  seamless  wrought  iron  tubes,  5-16'^ 
thick,  fitted  with  cast  iron  faucets  and  spigots  aAer  the  Ward  pattern. 
The  bay,  where  the  pipes  cross,  is  6300  feet  wide,  and  entirely  free 
from  currents.  A  thousand  feet  out  from  the  Alameda  ^ore  it  is  60 
feet  deep,  but  at  two  thousand  feet  it  is  only  15  feet,  and  this  latter 
depth  gradually  decreases  till  the  San  Francisco  shore  is  reached.  The 
pipes  were  jointed  on  a  large  scow,  fitted  with  a  derrick  and  sk>ping 
platform,  and  paid  out  from  the  rear  as  each  successive  length  was 
added.  The  whole  time  occupied  in  jointing  and  paying  out  the  double 
line  was  40  days. 

The  following  table  shews  the  more  prominent  instances  of  submerged 
pipes,  known  to  the  writer  as  being  laid  previous  to  the  laying  of  the 
Burrard  Inlet  pipes. 


Hain. 

Length. 

Water  Works  Co. 

Where  laid. 

Single  36  inches. 

4000 

Toronto  Water  Works. 

Lake  Ontario. 

•«       36 

« 

3044 

Milwanbee           « 

Lake  Michigan. 

**       36 

€1 

2000 

Jersey  City          « 

Hudson  River. 

«       36 

H 

960 

Philadelphia        '< 

Delaware  River 

<'       12 

U 

963 

Lawrence             ** 

Double  16 

« 

6300 

San  Francisco      " 

San  Francisco  Bay. 

«        8 

t< 

400 

Deer  Island          « 

Shirley  Gut. 

Single     8 

u 

3100 

San  Diego            « 

San  Diego  Bay. 

«        6 

IC 

800 

Easton                << 

Delaware  River. 

LATINO  SUBMEBQED  MAIN  AOBOBS  GOAL    HARBOUR. 

Coal  Harbour,  bemg  shallow  and  ite  bed  easy  of  aooess  at  all  stasis 
of  the  tide,  is  crossed  by  a  16  inch  rivetted  steel  main,  3-16''  thick, 
fitted  with  cast  iron  flexible  jointe,  and  costing  $3.50  per  lineal  foot  at 
the  foundry.      Plate  XX  shews  the  form  of  joint  used.       Three 
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hundred  lineal  feet  of  flexible  pipe  were  provided,  but  at  the  time  it  was 
necessary  to  effect  the  crossing,  it  was  found  that  unusvally  high  tides 
prevailed,  and  that  this  amount  was  insufficient.  This  difficulty  was 
overcome  by  ri vetting  two  plain  lengths  to  two  flexible  lengths,  the 
eompound  lengths,  each  48  feet  long,  being  placed  at  the  ends  of 
eros'sing,  the  whole  covering,  when  jointed,  a  distance  of  348  feet. 
The  submerging  of  the  pipes  was  effected  without  difficulty  in  the 
following  simple  manner : 

The  total  number  of  lengths  were  jointed  in  one  continuous  straight 
line  on  the  south  shore,  between  high  and  low  water  marks,  the  forward 
end  resting  on  and  firmly  secured  to  a  small  scow. 

The  whole  line  was  buoyed  on  eaeh  side  by  cedar  floats,  capable  of 
sustaining  the  entire  weight.  On  the  rising  of  the  tide,  the  scow  and 
the  chain  of  pipes  rose  with  it,  and  when  well  aflont,  a  dozen  men 
stationed  on  the  opposite  shore  hauled  on  a  smull  rope  attached  to  the 
scow,  pulling  it  forward,  till  the  line  <^  pipes  was  directly  above  its 
destined  position  on  the  bed  of  the  Bay.  The  floats  were  then  cut  off, 
and  the  pipes  allowed  to  siuk  to  the  bottom.  At  low  water  the  ends 
of  the  chain  were  exposed,  and  connection  with  the  16  inch  mains  on 
each  shore  was  effected  without  difficulty.  The  whole  operation 
occupied  three  days  from  start  to  finish. 

THE  DISTRIBUTION  SYSTEM. 

The  general  plan  of  the  distribution  system  was  designed  by  Mr.  T. 
C.  Keefer,  C.  E.,  C.M.G.,  Patt  President  of  the  Canadian  Society  of 
Civil  Engineers.     Its  excellence   is  therefore  beyond  question.     Sub-  ' 
joined  are  a  few  of  the  more  important  details. 

The  city  of  Vancouver  is  laid  out  on  the  rectangular  system,  the 
Ftreets  being  99  and  66  feet  wide,  forming  blocks  260  feet  wide  by  500 
feet  long.  The  16  inch  steel  main  is  carried  under  the  principal  streets 
into  the  centre  of  the  city.  Branching  from  it,  at  suitable  intervals, 
by  means  of  special  castings,  the  larger  sub-mains,  8''  and  6''  diameter, 
form  rectangles,  from  the  sides  of  which  the  smaller  sub-mains,  4'',  2j^^' 
and  2''  diameter,  branch  out  in  any  required  direction.  The  system  is 
liberally  supplied  with  stop  valves.  Each  pipe  feeding  direct  from  the 
main,  and  each  small  sub>main  feeding  from  the  larger  sub-mains,  can 
be  closed  independently,  when  required.  In  the  case  of  breaks  and 
necessary  repairs,  a  single  street  or  part  of  a  street  can  be  shut  off  with- 
out interfering  with  the  supply  to  other  parts  of  the  city.  Should  it 
ever  become  necessary  to  shut  off  the  whole  system,  a  16  inch  valve  is 
provided  on  the  main  for  this  purpose,  outside  the  limits  of  the  distri- 
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bution  sjstem.  In  all  cases  the  valves  have  been  placed  at  a  distance 
of  four  feet  from  the  initial  point  of  the  sub-main,  or  from  the  inter- 
secting centre  of  the  two  sab-muins.  The  sub-mains  are  laid  at  a  dis- 
tance of  20  feet  from  and  parallel  to  the  street  lines,  so  that  the  exact 
locality  of  the  valves  can  be  found  without  difficulty,  even  in  wint^ 
when  the  ground  may  be  covered  with  snow  andice.  In  most  cities 
the  practice  followed  has  been  to  locate  the  valves  uniformly  on  the 
lines  of  the  street  boundaries,  the  disadvantage  of  which  is  that  a  break 
in  a  sub-main  may  occur  between  the  valve  and  the  feeding  pipe,  in 
which  case  the  valve  is  rendered  useless. 

To  resist  the  severe  water  hammer,  due  to  the  great  pressure  in  the 
system,  the  valves  are  made  unusually  heavy. 

The  bodies,  caps,  and  nuts  are  of  cast  iron;  the  spindles,  stuffing 
boxes,  glands  and  followers  are  of  composition  metal. 

The  plugs  are  of  cast  iron  with  composition  faces,  and  spindle  bush- 
ings. The  following  table  gives  their  dimensions,  weight  and  cost  in 
Victoria. 

STOP  VALVBS. 


Diameter  in  inches. 

r 

4" 

6" 

8" 

12" 

16" 

Shoulder  to  shoul- 
der of  Bells 

Diameter  of  Bell  in 
incheB 

31" 

3r 

34 
$12.00 

6r 

6r 

115 
$17.50 

6'' 

190 
30.00 

10' 

298 

$44.00 

8* 

14r 
650 
$85.00 

18i' 

1100 

$150.00 

Aver,  weight  in  lbs. 
Cost  at  Victoria.... 

The  body  of  each  valve  is  enclosed  in  a  square  brick  chamber,  built 
to  such  a  height  that  the  top  of  the  valve  chamber  (a  small,  square 
cast  iron  box,  weighing  Illlbs.,  and  protecting  the  nut  of  the  spindle), 
when  placed  upon  it,  is  flush  with  the  street. 

The  system  is  provided  with  75  double  valves,  two  hose  Matthew's 
fire  hydrants,  with  4  inch  valve  openings.  This  hydrant  is  in 
general  use  throughout  the  United  States.  The  manufacturers  claim, 
and  the  claim  is  conceded  by  all  cities  using  them,  the  following 
advantages  over  all  others. 

There  being  two  main  valves,  possible  leakage  is  reduced  to  a 
minimum.  The  lower  valve,  working  independently  of  the  upper 
valve,  the  hydrant  can  be  disconnected  for  repairs,  without  the 
necessity  of  excavation,  and  without  shutting  off  the  feeding  sub-main. 
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The  rod  and  automatio  waste  valve,  attached  to  the  npper  induction 
valve,  work  in  such  a  manner  that  the  opening  of  the  lower  induction 
valve  involves  the  closing  of  the  waste  vtilve,  and  vice-versa.  Waste  of 
water  cannot  therefore  take  place,  and  no  water  can  remain  in  the 
stock  of  the  hydrant,  when  the  upper  valve  is  closed. 

The  lower  valve  being  capable  of  independent  action,  the  temporary 
removal  of  the  upper  valve  for  repairs  does  not  interfere  with  the 
utility  of  the  hydrant. 

As  previously  stated,  the  works  of  excavation  and  pipe  laying  main 
included  south  of  Burrard  Inlet  were  carried  out  by  the  company 
by  day  labour.  The  average  deptli  of  trench  for  the  mains  was  3'  10/' 
and  for  the  sub-mains  3  feet.  The  cost,  including  tools,  laying  pipes, 
placing  specials,  erecting  hydrants,  refilling  and  tamping  trenches, 
taking  up  and  replacing  crossings,  and  works  of  a  like  nature,  did  not 
exceed  17  cents  per  lineal  foot. 

LETTING  THE  WATER  INTO  THE  MAINS. 

On  Wednesday,  the  20th  of  March,  1889,  the  gate  in  the  well  chambers 
of  the  dam  was  partially  raised,  and  water  allowed  to  flow  for  the  first 
time  into  the  22"  main.  The  8"  blow  off  near  the  rock  tunnel  was 
kept  open,  and  the  water  was  not  allowed  for  several  days  to  fill  up  to 
the  level  of  the  tunnel,  and  flow  into  the  16''  main.  On  March  25th 
Dt  4  p.  m.,  the  gate  in  the  weU  chambers  wns  opened  wide,  and  a  full 
head  of  water  turned  on.  At  6  p.  m.  the  22"  main  was  filled,  and 
began  flowing  through  the  tunnel  into  the  16"  main.  At  9.45  p.  m. 
the  water  reached  the  closed  12"  valves,  on  the  north  shore  of  Burrard 
Inlet.  At  10  p.  m.  the  valve  controlling  the  12"  submerged  main 
was  opened  three-quarters  full.  At  10  minutes  past  10  the  water 
reached  the  south  shore.  At  3  a.  m.  it  had  reached  the  termination 
of  the  16"  main  in  the  centre  of  the  city,  and  at  4  a.  m.  it  was 
idischargmg  fully  into  False  Creek,  by  means  of  an  8  inch  sub-main 
opened  wide. 

It  is  worthy  of  note  that  in  the  whole  length  of  the  mains,  not  a 
single  joint  was  found  to  leak .  Such  leaks  as  were  discovered  occurred 
at  the  seams,  where  the  rivetting  and  split  caulking  had  been  imperfectly 
done.  These  were  speedily  repaired  by  encircling  the  mains  by  steel 
rings,  4  inches  wide,  made  in  two  halves,  and  provided  with  "  Lugs.  *' 

The  lugs  were  bolted  together,  above  and  below  the  main,  the  space 
between  the  ring  and  the  pipe  being  filled  up  with  lead,  and  carefully 
caulked  in  the  usual  manner. 

From  the  drawings  accompanying  this  paper,  Plates  XYI  to  XX 
have  been  prepared. 
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riNAL    laTIMATB  OOVBBINO  ALL   WORKS   BITWIBN  THl   BUBMBROBD   MADT,   BOBRABD 
INLBT,  AND   THB  CAPILAMO  DAM,  BA8BD  OK  FINAL  LOCATION  OF  PIFB  LINB,  MAT, 

JUNE^  1888. 


Station. 


From   To 


12+76 

19+00 

27+00 

48+00 
70+00 

87+00 
91+00 

105+00 
122+00 
128+00 
131+50 
134+00 

144+00 
211+54 
217+20 
231+38 
237+38 

255+38 
268+38 
270+28 

274+28 

285+00 
293+00 


of 


TUMNBLLINQ. 

6^  X  4^  in  solid  rock  . . 
Earth  filling    on  floor 

tunnel 

Ezcayation  of  approaches 

to  same  in  rock. 
Excavation  of  approaches 

to  same  in  earth 

6'  X  4^  in  hardpan  

Excavation  of  approaches. 


19+00 

27+00 

48+00 

70+00 
87+00 

91+00 
105+00 

122+00 
128+00 
131+50 
134+00 
144+00 

211+54 
213+43 
231+38 
237+38 
255+38 

268+38 
270+28 
274+28 

285+00 

293+00 
303+00 


Description  of  Work. 


BXOATATION  AND  RBFILLINO 
OF  PIPB  TRBMCH. 

Hardpan  and  mod  below 
high  water  mark.. 

Earth  and  water  below 
high  water  mark . . 

Earth,  small  boulders  and 
hardpan  

Earth  and  sand 

Gravel,  hardpan  and  boul. 
ders 

Earth  and  boulders 

Earth,  boulders  and  hard- 
pan  r. . .  •  • 

Earth  and  boulders 

Sand,  clay  and  water. . . . 

Gravel  and  boulders 

Earth  and  sand 

Earth,  hardpan  and  boul- 
ders •. 

Earth,  boulders  and  gravel 

Solid  rock 

Earth  and  boulders 

Sand  and  boulders 

Earth,  gravel  and  bould- 
ers  

Sand  and  boulders 

Boulders 

Earth,  gravel  and  bould- 
ers   

Earth,  boulders  and  hard, 
pan 

Clay,  gravel  and  boulders. 

Earth,  boulders  and  hard- 
pan 


Quantities. 


Lin.^fL  280 

C.  yds.  42 

"   283 

"  125 
Lin.  ft.  108 
C.  yds.  118 A 


C.  yds.  206 

f«    322 

'«   1093 
K   1062 


933 
153 

753 
879 
333 
170 
152 


541 
7,407 
"  83 
"  897 
«    489 

««  1162 
«  735 
*«    360 

«    345 


« 


618 
611 


Rate. 


$ 

15  00 

0  40 

2  50 

0  40 
6  50 
0  50 


1  00 

0  76 


75 
60 

00 
00 


1  00 
1  00 
1  00 
1  00 
0  60 


1  00 
0  60 

2  50 


00 
20 


1  20 


00 
20 


1  20 

1  20 
1  20 

I  20 


Amount. 


4,200  00 

16  80 

707  60 

60  00 

702  00 

59  20 

6,735  60 


206  00 

241  60 

819  75 
637  20 

933  00 
163  00 

753  00 
879  00 
333  00 
170  00 
91  20 

641  00 
4,444  20 

207  50 
897  00 
686  80 

1,394  40 
735  00 
432  00 

414  00 

837  60 
741  60 

733  20 


Vancouver  WaJter  Works — Appendix. 


359 


SlatioQ. 


From       To 


303400 
308+50 

317+60 

320+00 

12+76 

12+76 


12+76 
350+74 


Barth 

Gravel 
and  b 


308+50 
317+60 

320+00 
350+74 
350+74 

350+74 
350+74 


14+32 


oulder. 


Boulders 

Sand,  hardpan  and  bould- 
ers •■■•••••••••  •••« 

Boulders 

Earth,  sand  and  boulders.. 

Excavation  for  1,402  pipe 
joints 

Additional  excavation  for 
pipe  culverts  under 
Streams  

Oatchwater  drains  at  em- 
bankments   

Filling  pipe  outlet  at  dam 


BlfBANKMINTS. 

Over  and  under  pipes  at 
various  points  along  pipe 
line 

At  base  of  certain  land 
slides 

Rip  rap  for  same 


27+00 


Description  of  Work. 


OULVKBTS. 

Close  fitted  timber  cul- 
verts, enclosing  pipe 
above  various  embank 
ments,  and  under  vari- 
ous streams,  including 
earth  packing  round 
pipes. ., .. 


DISTRIBUTION   OF   PIPES, 
BLBSVBS,  LIAD,  ITO. 

Hauling  and  distributing 
along  line  of  trencii, 
ready  for  laying,  36J 
lengths  of  12*  Steel 
rivetted  mains  f^"  thick, 
in  lengths  of  23',  9}", 
each  weighing,  sleeve 
included,  7 15  A  lbs 

Hauling  and  distributing 
as   above  castings  and 

leadfor  12"  main 

H 


Quantities. 


C.  yds.  451 

<*  611 
"  284 
«   2,066 

"    800 


340 

400 
100 


Q.  yds.  2,594 

•    1,100 
"     900 


L.  ft.   860 


Tons.   ll^o', 


239 


Rate. 


$ 

1  20 

1  20 
1  20 
1  00 

1  00 


1  00 

0  60 
0  25 


0  40 

0  50 
0  50 


2  50 


7  64 
7  64 


Amount. 


$ 
541  20 

733  20 

340  80 

2,066  00 

800  00 


340  00 

240  00 
25  00 

22,267  15 


1,037  60 

550  00 
450  00 

2,037  60 


2,150  00 


88  70 
18  26 
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Station 
From 


22+34 


To 


27+00 


26+00 


215+-59 


27+00 
216+59 


215+59 


350+89 


Dtescription  of  Work. 


€<( 


Hauling  and  distribnting 
as  above  19  lengths  of 
le-'^  steel  rivctied  main, 
^Y^  ^^^^^1  in  lengths  of 
23^  9}''^  each,  weighing, 
sleeve  inclnded,  550^ 
IbB 

Hauling  and  distributing 
lead  for  same 

Hauling  and  distributing 
as  above  767  lengths  of 
16^^  ri vetted  stetsl  main 
^n^^  thick,  in  lengths  of 
23^  9}^'^,each  weighing, 
sleeve  included,  550^^ 
lbs , 

Hauling  and  distributing 
as  above,  castings,  lead 
and  extra  sleeves  for  16* 
main  as  above 

Partially  distributing  6 
lengths  of  16"  steel  main 
(ri vetted)  as  above. . . . 

Hauling  and  distributing 
as  above  568  lengths  ot 
22^^  steel  rivetted  main, 
•j*^'''  thick,  in  lengths  of 
23-^  9}^'  each  weighing, 
sleeve  included,  746fy 
lbs 

Hauling  and  distributing 
as  above  2  rivetted  steel 
thimbles  for  connection 
at  dam,  each  weighing 
242  lbs 

Hauling  and  distributing 
as  above,  castings,  lead 
and  extra  sleeves  for  22* 


Partially  distributing  as 
above  7  lengths  of  22^^ 
rivetted  steel  main 

Partially  distributing  ai 
above  6'  22^'  castings.. 


Quantities. 


Rate. 


Tons. 


l«8iVo 


46xV. 


1  4^ 


2A^ 


7  64 
7  64 


12  87J^ 


12  87fi 


6  44 


14  85 

14  85 

14  85 

7  43 
7  42 


Amount. 


35  68 
3  37 


2425  43 


594  38 


9  53 


2812  14 


3  27 


458  57 

17  38 
17  29 
$38,674  25 
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Dkscbiptiom. 


Large  plates 

Small  plates 

Thickness  of  Plates 

Ultimate  tensile  strain  per  square 

inch 

Weight  of  large  plate 

Weight  of  small  plate 

Namber  of  large  plates  in  one  length 
Number  of  small  plates  in  one  length 
Total  weight  of  plates  in  one  length 
Outside  measurement  of  large  plates 

in  place 

Outside  measurement  of  small  plates 

in  place 

Straight  seam  laps ... 

Round  seam  laps 

Length  of  pipe^  exclusive  of  nipple 

Nipple • . , 

Exterior  projection  of  nipple 

Weight  of  nipple 

Band 

Inside  diameter  of  band .  •  •  • 

Weight  of  band , 

Outside  diameter  of  pipe  at  joint 

Thickness  of  lead  in  joint 

Weight  of  lead  per  joint 

Asphaltum  coating  ■^^^'*  thick 

Space  between  ends  pf  pipes  when 

laid 

Number  of  lengths  per  mile. . . 
Straight  seam  rivets,  head. . . . 
Do  do        body . . 

Distance  apart  centre  to  centre 
Distance  between  each  row.. .. 
Distance  centre  of  row  to  edge  of 

Plate 

Number  of  rivets  in  each  row . . 

Do  per  lb  

Total  number  of  seam  rivets   per 

length 

Weight  of  seam  rivets  per  length 

Boand  seam  rivets,  body 

Do  do     head 

Distance  apart  centre  to  centre 
Distance    centre  of  row  to  edge  of 

.      plate 

Number  of  rivets  per  seam 

Do  per  lb 

Total  number  of  round  seam  rivets 
Weight   of  round  seam  rivets  per 

length,  ••• 


42^*  X  42r 

40vV  X  42' 

A* 

72000  lbs. 
94.024  •* 
91.344  «« 

4 

3 
650.128 

42" 

39^" 

2r 
ir 

23^.9f 
38A''x5'x^5' 
3* 
5.97  lbs. 
4*  X  i" 
13r 
24.72  lbs. 
12r 

21.29  lbs. 


20}       •« 

221.538 
«"  X  A" 

A"x  r; 

1.348" 

r 
v 

28 
40 


r. 


392 
9.8  lbs. 
X  1* 

1178" 

34 

40 

204 

5.1  lbs. 


16  inch 
Main. 


53|}'  X  42" 
63^      X  42* 


72000  lbs. 
70.369  « 
69.442  « 

4 

3 
489.762  lbs. 

42» 

9  1" 

23'  94" 

50JJ-'x5VoV' 
3" 
7.94  lbs. 
4"  X  i" 

15.43  lbs. 
16.44" 

5  " 

27.30  fbs. 
27         •« 


221.538 

,v  X  I" 

1.4306* 


22  inch 
Main. 


72^*e' 
71|" 


,»ir"  X  42" 
X  42" 


li" 


392 
7.656  lbs. 
A"  X   J'' 

»^'  ^.V 

1.076*' 


i'' 


61A 
288 

5.625  lbs. 


72000  lbs. 

95.07  *• 
94.15     « 

4 

3 

662.73  lbs. 

42" 

39J" 

2-iV' 
1|" 
23'.9f" 
69i"x5"x^Vj" 
3" 
10.88  lbs. 
4"  X  J" 

23f8«7>" 
20.77  lbs. 
22.42" 

A" 

37.08  lbs. 
37         « 

221.538 

r  X  .v 

A^  I" 

1.4306" 


3?- 
7.656  lbs. 

r'x  A-' 

1.068'^ 
66 


396 

7.734  lbs. 
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Weight  of  each  length . 
Weight  per  lineal  foot . 


Steel  Plates,  less    rivet  holes,  per 

mile 

Nipples,        per  mile 

Rirets,  do        

Bands,  do         

Lead,  do        

Asphaltum,       do        . . , 


Average  weight  per  foot 

Cost  of  pipe  per  foot  run,  inclading 
rings,  bat  exclusiye  of  bands  and 
special  castings,  delirered  at 
VancottTer 

Gost  of  unloading  from  scow  at  Ga- 
pilano  Wharf  (lead  and  bands  in 
eluded)  per  foot  run -• 

Gost  of  distributing  along  trench, 
lead  and  bands  included,  per 
foot  run 

Gost  of  laying  per  foot  ran,   i 
eluding  lead 

Total  cost  of  pipe  in  trench  per 
foot  run , 

Number  of  rivets  in  nipple 

Weight  of  same 

Total   weight  of  rivets  per  length 

Dimension  of  pieces  punched  out.. 

Weight  of  pieces  punched  out 


690.928  lbs. 
29.016  •• 


142,945  lbs. 
1323  *' 
3823  « 
6476  " 
4717  « 
4642  « 

30.7436  lbs. 


$1.53} 

2.3068  cts. 

10.4867  cts. 

0.13 

$1.792916 
4 
A  lbs. 
18  " 


4.8911 


iir 


634.663  lbs. 
22.463     «• 


107,748  lbs. 
1759  « 
2960  '• 
3418  " 
6048  " 
6982  " 

24.226  lbs. 


$1.35 

1.8169  cts. 

13.9191  cto. 

0.13 

$1.63736 
4 
.078  lbs, 
13.369     •* 
3.A'  X  ,v/ 
398  lbs. 


726.078 
30.491 


lbs. 


145,957  lbs. 
2410  " 
3427  " 
4601  «« 
8215  *« 
8197  " 

32.728  lbs. 


$1.72} 

2.4546  cts. 

21.6969  Cts. 

0.17J 

$2.141516 
4 
.078  lbs. 
15.468     «« 

3.896  lbs. 
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DETAILS  OF  BENDS  AND  CASTINGS. 

OAST  IBON  BENDS  FOB  16  INCH  MAIK. 


Angle  of 

Number 

Weight 

Length  of  chord 

Distance  covered 

'When  in  place 

in  trench. 

Cost  of  each 

deflection. 

required 

of  each. 

from  bell  to  bell 

at  Foandry. 

6  degrees 

16 

310  lbs 

IMJ- 
1/.5J' 

6-3V 

$10.85 

10        ** 

'    28 

409  *• 

10    • 

14.31 

16        '• 

16 

487  « 

IMO* 

^m" 

17.04 

20         « 

14 

580  « 

2^2J-' 
2^.6,  • 

20  • 

20.30 

26         •* 

11 

674  " 

265> 

23.69 

30         «' 

11 

772  « 

2Mr 

3ur 

27.02 

36         *« 

9 

870  " 

3^3" 

36^  Y 

30.45 

40         " 

12 

939  " 

3^7*' 

4lp 

32.86 

60         «* 

4 

1188  '* 

4^3^ 
4^7* 

62  Y 
67  }• 

41.68 

65         *« 

1 

1267  « 

44.34 

60         *' 

3 

1347  " 

4Mr 

62|r 

47.14 

70         " 

1 

1490  " 

6^6*-' 
6^71" 

1^' 

62.15 

90         " 

1 

1860  •* 

94J* 

65.10 

CAST  IBOH  BEin)S  FOB  22  INOH  MAIN. 


Angle  of 
deflection 


5  degrees 

10  « 

16  «• 

20  ** 

25  " 

30  <* 

35  « 

60  " 


Number 
required. 


12 
18 
10 
3 
3 
4 
2 
1 


Weight 
of  each, 


Length  of  chord 
from  bell  to  bell 


470  lbs 

630  " 

785  «« 

910  " 

1060  " 

1270  " 

1435  •« 

1896  <« 


2/.  2" 

2^.6" 

2^.104*^ 

3^.2j' 

4^.2^" 


Distance  covered 

when  in  place 

in  trench. 


Oost  of  eaoh 
at  Foundry 


$16.45 
22.05 
27.47 
31.85 
36.75 
44.45 
60.23 
66.32 


OBITUAEY. 


CECIL  BUSHE  FRANKS  was  tbe  son  of  Mr.  John  Ferguson  Franks, 
Barrister-at-Law,  of  Dublin,  and  a  grandson  of  the  late  Chief  Justice  Bushe 
of  Ireland.  He  entered  the  Royal  Navy  when  a  boy,  but,  owing  to  his  defec- 
tive hearing,  he  was  obliged  to  retire,  when  he  decided  to  devote  himself  to 
Civil  Engineering.  Going  out  to  New  Zealand,  he  was  for  a  time  engaged 
with  a  party  of  surveyors  in  making  Government  surveys.  On  leaving  New 
Zealand  he  went  to  the  United  States,  settling  for  a  time  at  Buffalo,  N.  Y., 
and  during  the  time  he  was  there  he  was  engaged  in  painting  marine  pic- 
tures. 

About  the  year  1870,  he  moved  to  Hamilton,  Ont,  and  entered  the  ser- 
vice of  the  late  Great  Western  Railway  Co.,  remaining  with  them  until 
1873,  when  he  accepted  a  position  on  the  Hamilton  and  Lake  Erie  Railway 
which  was  then  under  construction.  Having  continued  with  this  Railway 
Company  for  some  time,  he  resigned  in  order  to  form  a  partnership  with 
Mr.  Stanton  of  Hamilton  as  Provincial  Land  Surveyors. 

In  1881  he  was  again  engaged  upon  the  Great  Western  Railway,  and  was 
connected  with  it  and  the  Grand  Trunk  Railway  up  to  June,  1888,  when  he 
resigned  his  position  on  account  of  ill-health.  He  then  went  to  England 
for  about  six  months,  hoping  to  derive  benefit  trom  a  change  of  air,  but  on 
returning  to  this  country  he  was  no  better. 

Soon  after  his  return  to  Canada  he  decided  to  go  out  to  South  Africa, 
but  on  reaching  England  he  was  persuaded  by  his  family  to  remain  there 
for  a  time,  and  to  undergo  a  course  of  medical  treatment. 

At  the  end  of  three  months  he  was  much  improved  in  health,  and  he 
went  to  Rotterdam  on  a  short  visit.  There  he  died  suddenly  on  the  18th  of 
October,  the  cause  of  death  being  aneurism  of  the  heart. 

Mr.  Franks  was  an  extremely  well  educated  man,  and  a  thorough 
mathematician.  His  circle  of  friends  was  very  large,  and  being  so  honor- 
able, upright  and  pleasant,  he  made  friends  wherever  he  went. 

He  became  a  Member  of  the  Society  on  the  3rd  of  February,  1887. 


E.  E.  GILBERT,  one  of  the  oldest  and  best  known  mechanical  engineers 
in  Canada,  died  of  heart  disease  on  February  12th,  1889.  He  was  born  in 
Montreal  in  1823,  and  at  the  time  of  his  death  was  sixty-six  years  of  age. 
Like  a  great  many  engineers  of  the  day,  he  did  not  receive  early  professional 
training.  He  commenced  his  career  in  the  forwarding  business  at  Mont- 
real, and  was  one  of  the  pioneers  in  trading  by  steamer  to  Chicago,  and 
other  then  distant  ports  on  the  Great  Lakes.  Having  great  mechanical 
ability,  he  invented  machinery  for  loading  and  dischaiging  cargo  on  the 
yessels  with  which  he  was  connected. 
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In  1858^  he  and  the  late  Mr.  W.  P.  Bartley  entered  into  partnership  as 
engineers.  The  firm  carried  on  husiness  in  Montreal  for  several  years, 
building  a  large  number  of  engines  for  river  and  lake  steamers,  as  well  as 
machinery  for  other  purposes.  He  afterwards  removed  to  new  works, 
which  he  carried  on  on  his  own  account  for  many  years,  and  where  he  con- 
structed some  of  the  largest  engines  for  lake  and  river  steamers  in  Canada, 
introducing  many  important  improvements,  particularly  in  the  valve  gear 
of  marine  beam  engines. 

He  was,  perhaps,  the  first  engineer  outside  the  United  States  to  fully 
recognize  the  advantages  of  the  '^  Corliss  *'  valve  gear,  and  as  long  ago  as 
1859  he  had  built  and  fitted  a  paddle  steamer  with  a  Corliss  engine.  In 
I860,  the  steamer  ''  Montreal  "  was  built,  having  a  Corliss  engine  with  a 
cylinder  60  in.  diam.  and  8  ft.  stroke. 

In  this  steamer  he  introduced  the  forced  blast  for  boilers,  on  the  closed 
stoke-hold  system,  now  in  universal  use  on  modern  fast  steamers  in  naval 
and  mercantile  marine.  This  steamer  is  still  running  regularly  between 
Montreal  and  Quebec,  and,  after  nearly  thirty  years,  is  still  a  fine  specimen 
of  marine  engineering. 

Later  on  in  connection  with  his  sons,  he  invented  a  new  system  of  sub- 
marine rock  blasting  and  excavation,  and  undertook  extensive  government 
contracts  for  deepening  the  rapids  in  the  River  St.  Lawrence,  all  of  which 
were  successfully  carried  out  under  unusual  difiiculties.  He  devoted  much 
attention  to  pumping  engines  for  water  works,  and  built  engines  for 
Toronto,  Montreal,  and  other  cities  in  Canada.  One  of  his  last  examples 
was  for  the  high  level  service  of  the  Montreal  Water  Works.  The  engines 
were  built  from  his  own  design,  and  their  performance  not  only  exceeded 
his  own  guarantee,  but  placed  them  amongst  the  best  of  high  duty  pump- 
ing engines. 

He  contracted  a  few  months  ago  with  the  Canadian  Government  to  exe 
cute  works  on  the  enlargement  of  the  Cornwall  Canal,  and  after  visiting 
Ottawa  on  business  connected  with  the  work,  he  died  suddenly  of  heart 
failure  on  arriving  at  his  home. 

He  became  a  Member  of  the  Society  on  the  20th  of  January,  1887. 


LOUIS  LESAGE,  eldest  son  of  Mr.  Louis  Lesage,  of  L'Epiphanie, 
L'Assomption  County,  Province  of  Quebec^  was  born  on  the  13th  of  Au- 
gust, 1827. 

He  was  educated  at  the  College  of  L'Assomption,  which  he  entered  at  the 
age  of  twelve  years.  There  he  remained  for  about  ten  years,  taking  a  com- 
plete course  of  classical  studies,  and  devoting  himself  principally  to 
mathematics,  in  which  he  excelled.  About  the  year  1848,  he  had  serious 
thoughts  of  entering  the  priesthood,  and,  with  this  object  in  view,  he 
commenced  the  study  of  Theology  at  the  Grand  Seminary,  Montreal 
and  at  Chambly.  During  a  portion  of  this  time  he  was  associated  with 
the  present  Archbishop  of  Montreal,  as  secretary  to  the  late  Mgr.  Bourget* 
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In  1851 9  however^  he  decided  to  devote  himself  to  Civil  Engineering  and 
Architectare,  and  spent  some  time  in  acquiring  practical  knowledge  under 
Messrs.  l^belle  &  Laberge,  contractors,  Messrs.  Ostell  &  Perreault,  land 
survejorst  and  also  under  Mr.  Bourgeau,  then  architect  for  the  Montreal 
Court  House,  St.  Peter's  Church,  and  other  important  buildings  in 
Montreal. 

He  was  employed  for  a  time  on  the  survey  for  the  Grand  Trunk  Railway, 
at  Bividre  du  Loup,  and  on  his  return  to  Montreal,  in  1853,  he  became 
assistant  to  Mr.  Thomas  C.  Keefer,  Past  President  of  the  Society,  then 
engineer  of  the  Harbour  Works  and  the  new  Water  Works  of  Montreal. 
Mr.  Lesage  henceforth  devoted  himself  to  hydraulic  engineering,  and  in 
1856,  he  was  appointed  Superintendent  of  the  Montreal  Water  Works,  which 
office  he  filled  till  his  death,  a  period  of  33  years. 

From  1866,  the  history  of  Mr.  Lesage's  professional  life  is  therefore  the 
history  of  the  Montreal  Water  Works.  Up  to  this  time,  the  city  water  had 
been  supplied  by  small  pumping  engines  at  the  foot  of  Friponne  St.,  under 
the  pressure  due  to  the  old  reservoir  on  what  is  now  St.  Louis  Square,  with 
a  distribution  system  which  was  inadequate  and  iniperfect,  even  for  that 
supply.  The  new  aqueduct,  with  pumping  machinery  and  reservoir  for 
furnishing  6,000,000  gallons  per  day,  at  nearly  double  the  effective  pressure, 
had  just  been  buill  and  set  to  work.  Mr.  Lesage' s  first  duty  was  there- 
fore to  remodel  and  enlarge  the  distribution  to  a  scale  corresponding  with 
that  of  the  new  supply.  Difficulties  soon  arose  in  supplying  the  rapidly 
increasing  water  consumption  of  the  city,  owing  to  the  aqueduct  and  the 
Biver  St  Pierre,  which  acted  as  a  tail-race,  becoming  choked  in  winter 
with  both  frazil  and  surface  ice,  thus  greatly  reducing  the  head  and  quan- 
tity of  water  available  for  driving  the  pumping  machinery. 

To  remedy  this,  Mr.  Lesage,  in  1865,  added  a  turbine  and  pumps  with  a 
pumping  capacity  of  four  millions  of  gallons  per  24  hours;  the  turbine 
being  placed  at  such  a  level  as  to  be  little  affected  by  changes  in  the  head 
and  tail  water.  In  1867,  the  pumping  main  was  doubled,  and  the  distribu- 
tion had  by  this  time  been  vastly  enlarged. 

Much  relief  was  afforded  by  the  new  pumps,  but  the  consumption  soon 
again  overtook  the  winter  capacity  of  the  supply,  and  in  1869  Mr.  Lesage 
had  recourse  to  steam  pumping,  mainly  with  a  view  to  tiding  over  the 
winter  difficulties. 

In  1872,  a  second  pumping  engine  of  three  million  gallons  capacity  was 
added,  and  the  tail  race  was  lowered,  so  as  to  give  increased  efficiency  to 
the  water  power  machinery.  Two  years  later,  he  further  improved  the 
water  power  machinery  by  the  substitution  of  a  turbine  at  low  level  for  one 
of  the  original  breast  wheels.  By  this  time,  the  average  daily  consumption 
had  increased  to  8,000,000  gallons  per  24  hours,  and  to  keep  pace  with  it, 
Mr.  Lesage  added  a  Worthington  engine  of  8,000,000  gallons  capacity,  and 
also  a  30  inch  pumping  main.  For  the  supply  of  parts  of  the  city  not  com- 
manded by  the  main  works,  Mr.  Lesage  planned,  and,  in  1875,  put  into 
operation  a  high  level  system  with  a  Worthington  engine,  taking  water  fk*om 
the  main  reservoir  and  discharging  into  one  of  one  and  three  quarter  million 
gallons  capacity,  at  210  feet  higher  elevation. 
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Mr.  Lesage,  as  well  as  other  engineers,  had  already  recommended  that  a 
beginning  be  made  toward  the  construction  of  a  new  aqueduct,  and  soon 
afterwards  the  City  Conncil  gave  the  necessary  authority.  The  first  sec- 
tion of  this  was  therefore  undertaken  and  opened  in  1877,  the  working  being 
designed  in  such  a  way  as  to  form  a  new  entrance  to  the  old  aqueduct,  and 
to  almost  entirely  obviate  its  choking  by  tVazil.  About  the  same  time,  the 
reservoir  was  enlarged  to  35  million  gallons  capacity  instead  of  13}  millions 
as  at  first. 

In  1881,  the  water  power  machinery  was  strengthened  by  the  addition  of 
a  turbine  and  pumps  of  2}  million  gallons  capacity,  and  four  years  later 
the  oldest  of  the  steam  pumping  engines  was  taken  out  to  make  room  for  a 
high  duty  Worthington  engine  of  10  million  gallons  capacity.  In  1885,  the 
high  level  system  was  improved  by  the  addition  of  a  three  cylinder  Gilbert 
engine. 

During  Mr.  Lesage's  administration  the  Water  Works  thus  grew  fh>m  a 
single  system,  with  a  daily  pumping  capacity  of  6  million  gallons,  to  two 
systems  of  34  million  gallons,  and  firom  a  daily  consumption  of  two  millions 
to  one  of  thirteen  and  a  half  millions,  with  a  corresponding  increase  in  the 
extent  of  the  distribution  pipes  and  great  improvements  in  every  detail. 

Mr.  Lesage  was  a  member  of  the  American  Society  of  Civil  Engineers 
and  of  various  other  scientific  bodies.  He  took  a  prominent  part  in  the 
formation  of  the  Canadian  Society  of  Civil  Engineers.  He  was  elected  a 
member  of  the  first  council  in  1887,  and  continued  in  office  until  failing 
health  compelled  him  to  decline  re-election.  From  1880  to  1883  he  was 
mayor  of  Verdun  and  chairman  of  the  Board  of  School  Commissioners. 

On  three  occasions  he  rescued  persons  from  drowning,  and  received  the 
medal  of  "  La  Socifet6  des  Chevaliers  Sauveteurs  des  Alpes  Mari times." 

Mr.  Lesage  was  devoted  to  his  profession,  and  his  ability  was  recognized, 
not  only  by  his  more  intimate  associates,  but  also  by  many  en^aneers  with 
whom  he  came  in  contact,  both  in  this  country  and  in  the  United  States. 

He  became  an  authority  upon  questions  relating  to  Water  Works,  and 
he  was  consulted  regarding  the  works  at  the  following  places  in  Canada : 
Ottawa,  St.  Catherines  and  St.  Johns,  P.  Q.,  in  1871 ;  Sorel,  in  1872 ; 
Peterborough  and  St.  Hyacinthe,  in  1873  j  Three  Rivers  and  Joliette,  in 
1876;  Longueuil,  in  1875-6;  St.  Henri,  St.  Jean  Baptiste,  Hochelaga  and 
Berthier,  in  1876;  Windsor,  N.  S.,  in  1879:  Sherbrooke,  in  1881;  Cote 
St.  Antoine  in  1885;  St.  J6rome  in  1884,  and  Terrebonne  in  1886. 

As  a  public  officer  he  was  characterized  by  unswerving  uprightness, 
broad,  sound  judgment,  and  much  administrative  ability.  In  private  lif^ 
he  was  a  devout  Catholic  and  was  endeared  to  a  large  circle  of  intimate 
fHends  by  his  intellectual  force,  his  kindly  disposition  and  his  irreproachar 
ble  character. 

He  died  at  his  residence  at  Verdun,  a  suburb  of  Montreal,  on  the  9th  of 
January,  1889,  in  his  62nd  year. 

He  became  a  Member  of  the  Society  on  the  20th  January,  1887. 
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WILLIAM  E.  COLQUHOUN.— The  late  William  E.  Colquhoun,  only 
son  of  William  Colquhoun,  Esq.,  Ex-M.P.P.  for  the  County  of  Stormont, 
was  bom  at  Dickenson's  Landing  on  the  3rd  April,  1866.  He  received  his 
primary  education  at  Cornwall  Public  School,  and  afterwards  attended  the 
High  School  of  the  same  place,  from  which  he  entered  Upper  Canada  Col- 
lege. He  afterwards  matriculated  in  Toronto  University,  and  pursued  his 
studies  there  for  some  time.  In  1884,  he  entered  the  School  of  Practical 
Science,  where  he  began  a  course  of  study  in  his  chosen  profession.  Civil 
Engineering,  and  was  preparing  for  his  final  examination  when  he  was 
taken  ill  with  inflammatory  rheumatism.  His  parents  were  immediately 
summoned  to  his  bedside,  and  although  the  best  medical  aid  was  procured, 
he  died  at  the  General  Hospital  on  the  16th  March,  1888. 

The  deceased,  who  was  of  a  very  studious  nature,  was  very  successful  in 
all  his  studies,  and  but  for  his  untimely  death  would,  without  doubt,  have 
figured  prominently  in  his  profession,  to  which  he  was  devoted.  His  quiet 
and  unassuming  manner  and  warmth  of  friendship  won  for  him  the  respect 
and  esteem  of  all  with  whom  he  was  brought  in  contact. 

His  diary,  which  remains  in  his  father's  possession,  contains  complete 
and  minute  details  of  the  chief  events  of  his  life,  together  with  many  other 
incidents  which  came  under  his  observation,  and  forms  an  interesting  and 
valued  relic  for  his  relatives.  While  attending  the  School  of  Practical 
Science,  the  Canadian  Society  of  Civil  Engineers  was  formed,  which  he 
identified  himself  with,  and  became  one  of  its  charter  members,  being 
elected  a  Student  on  the  24th  of  February,  1887,  and  retaining  membership 
up  to  the  time  of  his  death. 


WILLIAM  HAYWARD  LOUGH,  son  of  Mr.  M.  Lough,  Provincial 
Land  Surveyor,  of  Toronto,  was  born  at  Port  Hope,  on  the  8th  of  Novem- 
ber, 1863.  He  was  educated  at  the  High  School  of  Clinton,  Ontario,  and 
in  1881  went  to  the  Agricultural  College,  Guelph ;  but  having  no  taste  for 
farming,  he  left  in  1882.  He  then  entered  the  employment  of  Messrs. 
Langley  &  Burd,  architects,  of  Toronto.  As  his  journal  shews,  his  great 
desire  was  to  become  an  engineer.  After  about  a  year  spent  in  Dakota  for 
his  health,  he  retuzned  to  Toronto  and  entered  the  School  of  Practical 
Science  there.  In  May,  1884,  he  accepted  a  position  in  the  Engineering 
Department  of  the  Harbour  Commissioners'  Office,  Montreal,  where  he 
remained  until  August,  1888,  when  failing  health  obliged  him  to  return 
home  to  Toronto.  His  devotion  to  duty  and  to  his  profession,  and  neglect 
of  himself,  had  evidently  undermined  his  constitution.  He  soon  ran  into 
rapid  consumption,  and  died  at  Toronto  on  the  19th  of  February,  1889. 

He  was  elected  a  Student  of  the  Society  on  the  25th  of  June,  1887. 
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Thursday,  2dcI  January. 
P.  A.  PBTEBSON,  Vice-President,  in  the  Chair. 

VANCOUVER  WATEE  WOflKS. 

DISCUSSION. 

Mohan.  The  author,  in  his  very  interesting  and  comprehensive  paper,  gives 
the  average  velocity  of  the  Capilano  River  for  the  first  seven  miles  from 
its  mouth  at  five  feet  a  second.  A  difficulty  has  heen  frequently 
encountered, — ^notably  in  the  precipitous  mountain  ranges  of  the  Pacific 
Coast, — in  maintaining  impounding  reservoirs  in  somewhat  similar 
situations^  In  these  torrential  streams  it  has  been  found  that  the 
boulders  and  gravel  washed  from  the  banLs  and  bed  above  the  dam  are 
liable  to  be  swept  down  and  gradually  fill  the  reservoir.  A  velocity  of 
five  or  six  feet  a  second  will  move  good  sized  boulders,  and  less  than 
half  that  velocity  will  move  gravel.  From  the  author's  description  of 
the  bed  of  the  stream,  it  would  appear  that  the  velocity  has  been  great 
enough  to  remove  most  of  the  gravel  from  the  channel,  except  at  points 
where  from  the  formation  of  the  banks  slack  water  was  encountered. 
On  the  other  hand,  as  even  the  most  sanguine  Vancouverites  ,do  not 
anticipate  a  population  of  four  or  five  millions  requiring  a  daily  supply 
of  440  millions  of  gallons,  a  storage  reservoir,  as  such,  is  not  an  essential^ 
provided  means  are  adopted  to  keep  the  entry  conduit  clear. 

The  steel  mains  which  were  built  and  laid  by  the  Albion  Iron 
Works  Company  of  Victoria  did  not  when  first  laid  give  satisfaction. 
Many  were  leaky,  and  considerable  damage  was  done  to  the  streets. 
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Theee  defects  have,  it  is  believed,  been  since  remedied,  and  the  writer 
is  informed  that  the  same  Company  sabseqaenUy  laid  a  similar  main 
with  oomplete  success  for  the  Victoria  Water- Works.  The  writer 
understands  that  the  Iron  Works  Company  was  solely  responsible  for 
making  and  laying  the  steel  mains  in  Vancouver. 

On  the  15th  November^  1889,  a  serious  accident  happened  to  the 
submerged  main,  by  which  the  city  was  deprived  of  its  water  supply  for 
eight  days.  One  of  the  12  in.  cast  iron  pipes,  lying  in  40  feet  of  water, 
was  badly  fractured,  and  it  can  hardly  be  doubted,  from  the  position  of 
the  pipe,  that  the  break  was  caused  by  a  water  ram.  The  writer  under- 
stands that  Mr.  G.  A.  Keefer  had  recommended  automatic  blow  offs 
at  each  end  of  the  submerged  main,  to  guard  against  just  such  an  acci- 
dent j  but  unfortunately  his  advice  had  been  n^lected.  The  blow  offis 
referred  to  by  the  author  are  not  automatic.  The  break  was  repaired 
by  a  diver,  who  covered  the  fracture  with  a  wrought  iron  sleeve, 
in  two  parts  bolted  together  and  lined  with  vulcanite.  In  justice  to 
the  Water-Works  Company,  it  should  be  added  that  it  did  all  in  its 
power  to  reduce  the  inconvenience  to  a  minimum,  bringing  water  across 
the  Inlet,  and  delivering  it  free  to  its  customers  by  cart. 

Having  been  resident  in  Vancouver  at  the  time  of  the  discussion  of 
the  rival  water-works  schemes,  the  writer  is  aware  that  the  main 
objections  raised  to  the  Capilano  project  were  based  upon  the  supposed 
difficulty  of  crossing  the  Narrows.  One  party  said  that  it  could  not  be 
done,  because  no  similar  work  on  the  same  scale  had  yet  been  attempted. 
It  is  to  be  hoped  that  there  are  but  few  engineers  with  whom  such  a 
reason  would  have  weight.  The  more  reasonable  opponents  of  the 
work  did  not  dispute  the  practicability  of  laying  the  pipe,  but  thought 
that,  in  only  having  a  single  main,  in  the  event  of  an  accident  to  it, 
the  safety  of  the  city  would  be  imperilled,  putting  on  one  side  the 
terrible  inconvenience  of  a  short  water  supply.  From  Mr.  Smith's  paper 
it  appears  that  the  duplicate  submerged  main  was  a  part  of  the  general 
plan  which  hitherto  the  company  has  failed  to  carry  out. 

The  writer  has  always  believed  in  the  feasibility  of  laying  the  sub- 
merged main,  and  has  never  hesitated  to  express  this  opinion  to  the 
opponents  of  the  scheme.  Looking,  however,  to  the  vast  interests  at  stake, 
the  has  always  insisted  upon  the  necessity  of  the  submerged  main  being 
in  duplicate,  and  is  glad  to  learn  that  since  the  accident  the  company 
has  taken  active  steps  towards  laying  on  additional  main  across  the 
Narrows.  From  the  reports  of  the  divers  it  would  seem  that  the 
pipe  has  not  been  moved  by  the  current  from  the  position  in  which 
it  was  first  laid. 
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With  r^ard  to  the  dangers  to  be  apprehended  from  vesseb'  anohom, 
the  writer  is  inclined  to  think  they  have  been  exaggerated ;  nevertheless, 
were  he  responsible  for  the  maintenance  of  a  single  line  of  pipe  across 
the  Narrows,  upon  the  integrity  of  which  the  very  existence  of  ihe 
city  might  at  any  moment  depend,  he  would  be  very  uneasy  until  all 
human  precautions  had  been  taken  to  secure  its  safety.  A  simple 
mode  of  obviatbg  any  risk  from  ships'  anchors  would  be  to  cover  the 
pipe  with  concrete  in  sacks  laid  by  a  diver.  This  if  done  properly 
would  also  add  greatly  to  the  strength  of  the  pipe ;  and  if  the  diver's 
report,  that  the  pipe  was  lying  in  a  groove  in  the  sandstone  rock,  is 
Qorrect,  the  pipe,  by  the  means  suggested,  would  be  completely  incased 
in  a  shell  of  rock. 

The  unfortunate  accident  referred  to  has,  for  a  time,  put  a  stop  to 
submitting  to  the  ratepayers,  a  scheme  for  the  purchase  of  the  Water 
works  by  the  city;  and  though  the  vast  majority  of  the  citizens  are 
agreed  that  the  city  should  own  its  water  supply,  no  by-law  approving 
of  the  purchase  would  pass,  unless  it  was  felt  that  such  another 
failure  was  practically  impossible.  The  burnt  child  dreads  the 
fire.  Vancouver  has  once  been  wiped  off  the  face  of  the  earth,  and 
it  cannot  be  wondered  that  her  citizens  should  refuse  to  purchase  a 
system,  which,  under  the  same  circumstances  as  occurred  a  month  or 
two  ago,  would  leave  them  at  the  mercy  of  a  conflagration  which 
might  occur  at  any  moment. 

The  conception  of  the  Capilano  Water- Works  for  the  supply  of  the  Bfr.  p.  Bum- 
city  of  Vancouver  was  of  its  very  nature  one  of  the  best  examples  of  "*•'*•**• 
hydraulic  engineering  to  be  met  with  on  the  Pacific  Coast  of  the 
Dominion.  The  great  difficulty  to  be  encountered  was  the  crossing  of 
an  arm  of  the  sea  under  conditions  entirely  unparalleled  in  water-works 
engineering,  and  in  some  respects  the  pipe  line  across  ihe  Narrows  of 
Burrard  Inlet  is  almost  without  an  equal. 

The  design  of  Mr.  G.  A.  Keefer,  M.  Can.  Soc.  C.  E.,  for  the  Capi- 
lano Water-Works  was  not  the  only  design  for  Water-Works  for  the 
city  of  Vancouver. 

The  Coquitlam  Water-Works,  designed  by  Mr.  E.  A.  Wilmot, 
M.  Can.  Soc.  C.  E.,  was  also  under  consideration  at  the  same  time  that 
the  Capilano  Water-Works  was  being  matured,  and  as  both  projects  re- 
ceived a  great  deal  of  consideration  at  the  time,  their  merits  and  de- 
merits being  frequently  discussed  both  in  the  press  and  elsewhere,  it  may 
not  be  out  of  place  for  an  outsider  to  present  the  features  of  both  schemes 
to  the  Society  of  Civil  SJngineers.     The  data  before  (ihe  writer  are  (I^q 
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reports  by  Col  W.  R.  Eokhart,  of  San  Francisco,  on  the  Capilano  River 
Scheme,  and  which  is  now  constructed,  and  the  Coquitlam  Lake 
Scheme,  which  is  now  being  matured  for  the  supply  of  the  city  of  New 
Westminster,  reported  upon  by  Mr.  H.  Schussler,  chief  engineer  of 
the  Spring  Valley  Water- Works  of  San  Francisco. 

The  elevation  of  the  pipe  inlet  as  given  by  Mr.  Eckhart  for  the  Capi- 
lano  was  422  ft. 

The  elevation  of  the  pipe  inlet,  as  given  by  Mr.  Schussler  for  the  Co- 
quitlam, was  435  fi.,  so  no  important  difference  obtained  between  the 
elevations  of  the  two  proposed  systems. 

The  entire  length  of  the  Gapilano  scheme,  as  given  by  Mr.  H.  B» 
Smith  in  his  valuable  report,  is  52,741  ft.  from  the  dam  to  the  centre 
of  the  city,  or  very  nearly  10  miles. 

The  entire  length  of  the  Coquitlam  scheme  as  given  by  Mr.  Schussler 
is  105,600  ft.,  or  20  miles. 

It  will  thus  be  seen  that  the  laying  of  the  submerged  pipe  across  the 
Narrows  of  Burrard  Inlet  was  the  direct  means  of  saving  10  miles  of 
piping  so  far  as  Vancouver  water  supply  was  concerned. 

Mr.  Thomas  C.  Keefer,  C.M.C.,  Past  President  of  the  Society,  report- 
ed upon  the  Capilano  scheme ;  and  looking  now  upon  the  accom- 
plished work,  the  only  feeling  is  one  of  admiration  for  the  design  of  so 
bold  an  en^neering  feature  as  the  submerged  pipe  line  across  Burrard 
Inlet  Narrows.  For  a  country  or  carrier  main,  mild  steel  enables  the 
engineer  to  undertake  works  of  magnitude,  that,  if  he  were  compelled  to 
use  cast  iron  mains,  would  almost  render  the  cost  of  such  works  pro- 
hibitive. 

At  present  ruling  prices,  a  steel  main  of  equal  dimensions  can  be  laid 
complete  in  the  trench  for  about  the  same  figure  that  a  cast  iron  main 
eould  be  landed  on  the  wharf  in  Vancouver  or  any  other  port  on  the  Pa- 
cific Coast ;  thus  shewing  clearly  that  it  is  possible  to  effect  a  saving  of 
nearly  40  per  cent,  in  the  cost  of  the  pipe  line.  But  valuable  as  mild 
steel  is  for  mains  of  large  dimensions,  there  appears  to  be  a  tendency 
among  engineers  to  exact  too  much  from  it. 

Thus  in  the  Vancouver  Water-Works  system,  the  ultimate  strength  of 
the  16  inch  main,  allowing  a  tensile  strength  of  60,000  lbs.  per  inch  for 
plates,  and  .7  for  strength  rivetting,  would  be  580  lbs.  per  sq.  inch,  and 
the  same  data  for  the  22  inch  would  permit  of  420  lbs.  per  sq.  inch.  Now, 
according  to  Mr.  Smith's  report,  the  22  inch  main  has  to  sustain  a  head 
of  water  equal  to  164  feet  in  height  or  a  pressure  of  71.17  lbs.  per  sq. 
inch,  as  a  maximum.  The  factor  of  safety  in  this  case  is  therefore  6. 
In   the   case  of  the  16  inch  main,  the  bead  of  water  sustfiiped  is 
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equal  to  a  column  of  415  feet,  and  equal  to  a  pressure  of  180.11  lbs. 
per  sq.  inch  as  a  maximum.  The  factor  of  safety  in  this  case  equals 
a  little  over  3  or  nearly  3^.  It  is  apparent  therefore  that  no  very 
great  amount  <  of  corrosion  can  take  place  without  very  materially 
reducing  the  factor  of  safety^  and  that  moreover  the  workmanship  and 
material  must  be  the  best  obtainable. 

From  Mr.  Smith's  report  there  is  a  flush  valve  on  the  22  inch  main, 
and  likewise  one  air  valve  in  the  tunnel.  On  the  16  inch  main  there 
is  a  flush  valve  on  the  north  side  and  another  on  the  south  side  of  the 
Inlet,  one  air  valve  located  between  the  Inlet  and  Goal  Harbor,  and 
two  flush  valves  on  opposite  sides  of  Coal  Harbor. 

The  total  number  of  vertical  and  horizontal  bends  are  given  by  Mr. 
Smith  at  179.  It  woul4  be  interesting  to  know  how  many  of  these 
are  horizontal  and  how  many  vertical  bends;  for  no  matter  .how 
free  from  sediment  the  waters  of  the  Gapilano  may  be,  there  are 
certainly  a  great  number  of  elevations  and  depressions  without  either 
air  or  flush  valves,  and  doubtless  there  will  be  a  great  difierence  of 
opinion  as  to  the  capacity  of  the  16  inch  main  after  accumulations  of 
air  and  silt  have  taken  place. 

From  the  description  of  the  turning  on  of  the  water,  it  is  very  evi- 
dent that  water-ram  and  air  compression  were  treated  as  a  myth,  and 
it  would  afford  a  great  deal  of  valuable  information  if  Mr.  Smith  would 
give  a  detailed  account  of  the  behaviour  of  steel  mains,  having  a  factor  of 
safety  ranging  from  3  to  5,  a  large  number  of  angles  of  elevation  and 
depression  along  the  pipe  line,  few  air  valves  and  very  few  flash 
valves,  with  a  full  head  of  water  flowing  with  a  velocity  of  1.4 
feet  per  second.  The  water  seems  to  have  taken  3f  hours  to  traverse 
19,320  feet  from  the  tunnel  to  the  north  shore  of  Burrard  Inlet. 
That  something  occurred  may  be  inferred  from  the  last  two  paragraphs  of 
Mr.  Smith's  paper. 

It  appears  that  a  tank  is  now  placed  on  the  north  side  of  the  Inlet  at 
an  elevation  of  about  230  feet  above  tide  water  mark,  thus  reducing 
the  pressure  upon  the  lower  portions  of  the  system  by  200  feet  of 
head,  and  likewise  reducing  the  pressure  upon  the  upper  portion  of  the 
system  by  the  difference  between  the  velocity  and  static  pressures,  as 
the  tank  is  allowed  to  flow  over  and  to  discharge  the  surplus  water 
into  the  river.  Some  kind  of  provision  is  made  for  inserting  a  plug  so 
as  to  utilize  the  full  head  of  430  feet  in  case  it  should  be  required. 

Taking  Mr.  Smith's  description  of  the  Vancouver  Water-Works,  one 
cannot  help  feeling  that  there  can  be  no  difference  of  opinion  about  the 
works  as  projected  by  Mr.  Keefer,  for  they  are  without  a  doubt  unri' 
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vailed  in  this  seotion  of  country ;  but  there  is  a  wide  field  for  discussion 
relative  to  the  manner  in  which  Mr.  Reefer's  plans  have  been  carried 
out.  Doubtless  other  engineers  who  are  conversant  with  the  question 
will  give  us  the  benefit  of  their  extended  and  valuable  experience  on  this 
very  important  branch  of  engineering, — water-works  construction. 

The  writer  has  read  the  advance  proof  of  Mr.  H.  B.  Smith's  paper 
on  the  Vancouver  Water-Works  with  very  great  interest,  and  as  co- 
pious extracts  have  been  made  from  a  small  pamphlet,  which  the 
London  Steel  Pipe  Co.  published  a  few  years  ago,  and  the  joint  referred 
to  in  that  pamphlet  is  described  on  page  page  338  (Vol.  Ill)  of  the 
author's  paper  as  a  cwmhersome  arrangement^  the  writer  desires  to  bring 
under  the  notice  of  the  Society  some  particulars  with  reference  to  this 
joint. 

The  advantages  of  a  single  socket^  as  compared  with  the  Moore  & 
Smith  joint,  are  the  great  reduction  in  the  quantity  of  lead  consumed, 
the  adaptability  of  the  joint  to  overcome  angular  deviations  in  the 
pipe  track,  and  the  increased  strength  of  the  spigot,  which  must  be 
of  sufficient  firmness  to  resist  the  strains  due  to  caulking  by  inexperi* 
enoed  workmen. 

The  Moore  &  Smith  joint,  although  it  has  no  doubt  been  very 
largely  employed,  is  inferior  to  the  joints  referred  to,  because  the  nipple 
reduces  the  internal  diameter  of  the  pipe,  and  tends  to  create  an 
increased  velocity  of  the  flow  of  water  through  the  pipe  and  the  joints ; 
whereas  the  joint  now  referred  to  is  so  constructed,  that  the  pipe  is 
actually  larger  in  internal  diameter  wherever  the  joints  occur,  and  this 
system  of  construction  is  of  decided  advantage  by  reducing  the  friction 
of  flowing  water. 

It  cannot  be  fairly  said  by  the  author  that  the  joints  to  which  the 
writer  refers  have  been  entirely  discarded  on  the  Pacific  Coast,  for  the 
simple  reason  that  they  have  never  yet  been  employed  there,  with  the 
exception  of  the  pipe  line  constructed  by  the  Steel  Pipe  Company, 
Limited,  London,  for  the  water  supply  of  the  town  of  Mazatlan,  Mexico. 
This  is  the  first  pipe  line  on  the  Pacific  Coast  fitted  with  the  improved 
joints,  and  is  a  line  20  miles  in  length  and  14  and  12  inches  internal 
diameter. 

With  regard  to  the  22  inch  and  16  inch  pipes,  it  is  a  matter  of 
some  surprise  that  these  pipes  were  specified  so  thin.  The  pressure 
upon  the  pipe  line  is  about  400  feet  near  to  the  Burrard  inlet,  and 
the  pipes  at  this  point  are  16  inches  diameter,  and  .11  of  an  inch 
in  thickness.    So  far  as  the  writer's  investigations  go,  the  ordinary 
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Working  pressure  on  a  Galifomian  wrought  iron  pipe  of  ihis  thickness 
and  diameter  would  not  exceed  about  265  feet  head,  and  according  to  the 
practice  of  this  company,  pipes  of  this  thickness  would  not  be  made  of 
mild  steel  for  a  higher  pressure  than  285  feet.  It  is  clear  therefore 
that  the  pipes  laid  by  the  Yancouver  Water- Works  Company  are 
subject  to  much  higher  strains  than  is  customary,  and  there  is  every 
reason  to  believe  that  the  life  of  the  pipe  will  thereby  be  injuriously 
affected.  The  paper  gives  no  information  regarding  the  test  pressures 
imposed  upon  the  steel  pipes,  indicating  that  the  cast  iron  connections 
only  were  tested  to  a  pressure  of  300  lbs.  per  square  inch. 

It  is  unfortunate  that  the  author  has  not  given  details  of  the  rivet- 
ting.  On  the  2nd  of  May,  1889,  this  Company  received  a  long  letter 
from  him,  indicating  that  the  pipes  leaked  to  such  an  extent  that  when 
the  water  was  turned  on  it  was  found  impossible  to  stop  them.  In  his 
letter  dated  April  13th,  1889,  he  says:  "  In  two  days  time  it  was 
discovered  that  the  leaks  were  enlarging,  and  the  plates  being  actually 
cut  by  the  jets  of  water  forced  out  between  the  laps.  The  holes  made 
in  this  manner  are  just  beyond  the  edge  of  the  outside  lap,  and  are  of 
all  shapes,  some  being  circular  and  nearly  half  an  inch  in  diameter. 
After  the  pressure  the  appearance  presented  by  the  pipes  was  as  if  they 
had  been  acted  on  at  several  points  by  a  sand  blast.''  He  then  goes  on 
to  state  that  attempts  were  made  to  repair  the  leaks  by  cast  iron  rings ; 
but  on  again  subjecting  the  pipes  to  pressure,  new  leaks  were  developed, 
and  at  the  date  of  his  letter  5,700  feet  of  the  pipes  were  leaking  so 
badly  that  their  removal  was  ordered  and  new  pipes  decided  upon. 

It  is  somewhat  misleading  to  read  in  the  latter  paragraphs  of  the  paper 
that  the  leaks  discovered  at  the  seams  were  speedily  repaired  by  steel 
rings  four  inches  wide,  made  in  halves,  which  were  made  to  go  round 
the  pipes,  in  the  face  of  the  information  contained  in  the  letter  of  the 
13th  April,  to  which  reference  has  been  made,  and  the  writer  would 
suggest  that  the  author  should  correct  the  latter  part  of  his  paper. 

In  replying  to  the  author's  letter  about  the  leaks,  the  following 
questions  were  asked,  and  it  is  very  desirable  that  the  information 
should  be  communicated  to  the  Society  : 

Were  the  rivets  put  in  hot  or  cold  ? 

Were  they  closed  by  power,  and  if  so  by  what  power  ? 

How  were  the  longitudinal  seams  distributed  round  the  circle  ? 

What  was  the  length  of  the  rivets  ? 

Were  any  sections  of  pipe  rivetted  up  and  tested  by  hydraulic 
power  in  excess  of  the  working  pressure,  to  prove  the  quality  of 
the  rivetting,  and  was  any  test  whatever  made  of  the  rivetting? 
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With    what  were  the  pipes  coated,  and  how  was  the  ooating 

applied  ? 
How  were  the  pipes  jointed  together  ? 

The  length  of  pipes  being  23  feet,  9f  in.,  seven  plates  was  a  very 
large  number  to  employ.  Four  would  have  been  preferable,  thus  saving 
a  number  of  rivetted  seams. 

The  rivetting  was  apparently  faulty  and  the  plates  not  property  laid 
together  at  the  seams,  and  possibly  burrs  were  left  at  the  rivet  holes 
which  prevented  the  perfect  contact  of  the  surfaces. 

Although  a  rivetted  jomt  may  be  made  strong  enough  to  resist  the 
strain  brought  to  bear  upon  it  by  a  tension  testing  machine,  and  may  be 
proved  to  be  very  nearly  equal  in  tensile  strength  to  the  original  plate, 
yet  the  rivets  may  not  be  close  enough  to  secure  water  tightness  under 
pressure.  Experience  has  proved  that  there  is  considerable  difference 
between  pipes  being  strong  enough  to  resist  a  certain  tensile  strain 
across  the  joint,  and  being  water-tight  under  fluid  pressure,  which 
may  exert  no  greater  tensile  strain  across  the  joint  than  that  for  which 
it  was  designed.  The  evidence  submitted  at  the  time,  led  this  firm  to 
the  opinion  that  the  defects  in  the  pipe  were  due  to  faulty  workmanship 
and  inexperience  on  the  part  of  the  contractors. 

No  information  is  given  in  the  paper  as  to  the  means  adopted  for 
letting  off  air  in  the  pipe,  and  possibly  the  leakages  which  were  found 
were  aggravated  by  the  accumulation  of  air  in  the  mains  before  the  pipes 
were  properly  filled  with  water.  Neither  is  any  evidence  given  as  to 
the  hydraulic  tests  upon  specimens  of  the  pipes  to  prove  the  tightness 
of  the  rivetting. 

The  writer  considers  it  bad  practice  to  make  up  the  pipes  of  so  many 
small  plates.  It  is  found  much  more  satisfactory  to  make  the  plate 
cylinders  in  lengths  of  from  6  to  8  feet;  and  if  this  system  had  been 
adopted  for  the  steel  pipes  described  by  the  author,  there  would  have 
been  a  great  reduction  in  the  number  of  circumferential  rivetted 
seams. 

Caulking,  in  the  manner  described  by  the  author,  tends  rather  to 
aggravate  leaks  than  to  prevent  them  whenever  mild  steel  plates  are 
employed.  A  better  system  for  preventing  leakages  and  to  make  per- 
fectly water-tight  joints  is  to  employ  suitable  plate  closing  apparatus 
upon  the  rivetting  machines,  the  effect  of  which  is  to  close  the  plates 
perfectly  together,  so  that  the  laps  are  thoroughly  overlaid  and  the 
surfaces  brought  into  close  contact  before  the  rivets  are  inserted ;  then 
when  the  rivets  are  closed  by  hydraulic  pressure  there  is  no  liability  to 
leakage,  and  caulking  is  entirely  dispensed  with. 
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The  description  of  the  method  in  which  the  lead  joints  were  made  is 
such  as  to  indicate  that  the  work  of  making  a  Moore  &  Smith  joint  is 
at  least  twice  as  much  as  that  of  making  the  patent  socket  joint 
recommended  by  the  writer.  The  great  care  which  has  to  be  taken  in 
making  the  Moore  &  Smith  joint  in  a  perfectly  straight  line  is  a  very 
serious  disadyantage.  A  particular  feature  in  an  efficient  joint  should 
be  its  facility  for  overcoming  angular  deviation  iu  the  pipe  line,  and 
thereby  reducing  the  number  of  bends. 

It  may  be  mentioned  that  a  9  inch  steel  pipe,  which  was  laid  by  this 
firm  in  the  Tay  Viaduct  some  years  ago,  was  laid  round  a  very  sharp 
curve  on  the  bridge,  without  any  special  connections  whatever,  the 
flexibility  of  the  joint  permitting  the  curvature  of  the  pipe  line.  The 
joints  were  made  above  ground,  and  360  feet  of  jointed  pipe  in  a  single 
curved  line  lowered  into  the  trench. 

Nor  is  there  any  necessity  in  a  joint  such  as  is  recommended  for  the 
caulkers  to  be  cautioned  with  r^ard  to  the  packing  of  the  lead.  The 
spigot  ends  of  the  pipes  are  welded  into  cylinders,  and  made  about  50 
p.c.  thicker  than  the  pipe,  so  that  any  pressure  the  caulker  imposes  upon 
the  lead  will  not  indent  the  pipe,  or  in  any  way  cause  it  damage.  The 
sockets  for  pipes  up  to  24  inches  diameter  are  stamped  by  hydraulic 
pressure  on  the  system  invented  by  Mr.  James  Riley,  General  Manager 
of  the  Steel  Company  of  Scotland,  Limited.  This  is  known  as  the 
Riley  Patent  Socket.  This  socket  has  an  external  lip  or  flange  which 
adds  very  greatly  to  its  strength,  and  with  this  joint  it  is  not  found  that 
the  shell  of  the  pipe  is  bent  inward  nor  the  mouth  of  the  socket  bent 
outward,  as  is  the  case  with  the  Moore  &  Smith  joint,  described  by  the 
author  on  page  339  (Vol.  Ill)  of  his  paper. 

With  regard  to  the  system  of  constructing  pipes  with  inner  and  outer 
courses,  this  method  is  entirely  discarded  by  this  Company  on  pipes 
of  all  diameters  made  of  plates  under  .2  of  an  inch  in  thickness.  A 
much  more  correct  and  reliable  method  of  making  perfect  circumferen. 
tial  seams  is  obtained  by  the  use  of  suitable  machinery  for  expanding 
the  circumferential  lap  at  one  end  of  the  plate  cylinder,  after  the  plates 
have  been  punched  and  bent  into  cylinders ;  all  the  circumferential 
8 jams  are  carefully  punched  by  multiple  punching  machines  precisely 
to  the  same  pitch,  and  the  increase  in  pitch  due  to  the  enlarged  dia- 
meter of  the  overlap  is  obtained  by  stretching  the  plate  in  the  manner 
described. 

For  pipes  made  of  plates  exceeding  .2  of  an  inch  thick,  the  circumferen- 
tial seams  of  the  outer  course  are  punched  when  the  plate  is  flat,  by 
dividing  machines  which  divide  the  pitch  into  the  most  minute  fractions 
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necessary  to  overcome  the  irregularities  between  the  diameter  of  the 
outer  and  the  diameter  of  the  inner  course  of  plates.  The  system 
described  by  the  author,  of  leaving  one  end  of  the  plate  cylinder  to  be 
punched  while  the  pipe  is  rivetted  up  in  the  pipe  track,  is  not  only  one 
which  causes  enormous  delay  in  the  execution  of  a  pipe  contract,  but 
one  which  is  liable  to  very  great  inaccuracies  of  workmanship.  The 
method  described  of  fitting  the  pipes  together  in  a  trench,  drawing 
them  apart,  punching  the  holes,  putting  them  together  again,  and  rivet- 
ting  them  up  is  most  unsatisfactory. 

With  regard  to  the  distribution  of  the  longitudinal  or  straight  seams, 
a  pipe  made  of  very  thin  plates,  such  as  those  employed  for  the  Van- 
couver Water  Works,  is  made  stronger  and  better  by  a  uniform  distri- 
bution of  the  longitudinal  seams  of  the  several  courses  around  the 
circumference,  instead  of  having  them  all  in  one  straight  line.  Some- 
times in  constructing  pipes  with  the  longitudinal  seam  all  in  one  line 
along  the  pipe,  much  greater  care  has  to  be  taken  in  straightening  the 
pipe,  as  there  is  a  tendency  to  curvature. 

The  paper  is  one  of  very  great  interest  to  all  engineers  interested  in 
water-works,  and  the  author  has  displayed  conspicuous  ability  in  the 
execution  of  the  works  under  his  charge. 

sir.  6.  B.  Hen-  Mr.  Henry  Badeley  Smith's  able  paper  on  the  construction  of  the  dam 
and  pipe  line  of  the  Vancouver  Water  Works  leaves  little  for  the  critic 
to  say,  beyond  expressing  admiration  for  the  successful  manner  in  which 
difficulties  both  novel  and  otherwise  have  been  met  under  exceptional 
circumstances.  The  moderate  height  of  the  dam  no  doubt  permitted 
the  foundation  (in  the  absence  of  puddling  clay)  to  be  laid  with  safety 
in  the  manner  described;  nevertheless,  the  accident  to  the  ^'loan  to," 
and  one  of  a  similar  nature  that  occurred  previously  to  another  part 
of  the  structure,  would  socm  to  be  a  warning  in  ease  it  should  be  proposed 
at  any  future  time  to  increase  the  height  of  the  dam. 

With  regard  to  the  objections  and  answers  to  the  plan  of  laying  the 
pipe  across  the  Narrows  of  Burrard  Inlet,  a  few  remarks  may  be  in  order. 

The  firtst  objection  begs  the  question  by  claiming  as  known  a  force 
that  is  not  known,  while  the  answer  claims  a  mathematical  demonstra- 
tion not  given,  but  doubtful  in  its  fundamental  basis,  as  all  calculations 
of  the  forces  of  the  sea  must  be  without  actual  previous  experiment. 

The  true  reply  to  the  objection  is  philosophical  not  mathematical. 
The  bed  of  the  inlet  at  the  point  of  crossing  is  stated  to  be  composed  of 
soft  sandstone,  partially  covered  with  mud,  gravel  and  cobble  stones.  Now 
a  stream  with  do  friction  on  the  bottom,  other  things  being  equal,  would 
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flow  with  equal  swiftness  at  every  depth,  henoe  the  difference  m  speed 
between  the  bottom  and  top  would  be  a  measure  of  the  friction  at  the 
bottom.  But  the  present  case  is  one  of  a  tidal  current,  whose  efflux  and 
reflux  are  governed  by  so  many  and  complicated  conditions,  extending 
even  to  the  existence,  occasionally  at  leasts  of  an  outward  current  at 
bottom  and  an  inward  current  at  top,  that  even  the  most  careful  obser* 
vation  would  &il  in  producing  reliable  formulae.  It  is  plain  then  that  where 
the  erosive  force  is  actually  unable  to  remove  mud,  gravel  and  cobble 
stones,  a  12  in.  metal  pipe  would  lie  undisturbed,  quite  independent  of  its 
self-uiakle  trench.  This  argument  also  answers  the  second  and  sixth  objec- 
tions. The  third  has  a  little  more  in  it,  and  is  more  weakly  replied  to.  It  is 
decidedly  doubtful  whether  such  a  pipe  could  resist  the  direct  impact  of  a 
falling  anchor,  or  that  any  engineer  would  invite  a  trial ;  nor  is  it  likely 
that  he  would  be  free  from  anxiety  should  a  vessel,  whose  anchor  fluke 
embraced  the  pipe,  be  caught  in  a  violent  gale.  It  would  be  interesting  to 
sec  what  mathematicians  would  make  of  the  problem.  The  wisest  course 
would  seem  to  be  to  protect  those  parts  which  are  not  sufficiently  trenched 
already  in  the  bottom.  The  fourth  and  fifth  are  speculative,  and  need 
fkote  capable  of  clear  verification  in  their  support  before  they  have  a 
right  to  daim  notice.  The  seventh  and  eighth  are  mathematical,  to  which 
a  very  decided  practical  answer  has  been  given.  The  ninth  objection  is 
of  unascertained  antiquity,  and  if  stilt  voiced  wherever  old  settled  habits 
of.  thought  are  disturbed  by  new  ideas.  **  Who  ever  heard  of  such 
a  thing  ?  "     '*  Don't  take  much  stock  in  these  new  fuds,''  etc. 

It  is  true  that  it  is  sometimes  difficult,  without  giving  more  attention 
than  is  convenient,  to  decide  whether  a  certain  scheme  is  the  work  of  a 
^*  crank  "  or  of  a  scientific  mind,  but  if  it  is  worth  considering  at  all,  it 
is  surely  the  duty  of  critics  to  meet  arguments  with  something  more 
than  mere  assertion,  and  to  support  their  own  statements  on  facts  and 
premises  which  are  undisputed  or  capable  of  ready  proof.  Mr.  Smith 
is  to  bo  congratulated  on  having  contributed  such  an  interesting 
paper  to  the  Society. 

As  the  paper  is  a  long  one,  it  will  be  better  to  discuss  that  portion  Mr.  Peterson, 
relating  to  the  dam  this  evening.    If  the  paper  is  all  read  through  at 
once,  the  points  relating  to  the  dam  will  probably  be  forgotten  by  next 
evening. 

Was  there  not  some  mistake  about  the  size  of  the  tree  ?     It  would  Mr.  Biackweii. 
be  hard  to  get  the  stumps  out. 

The  author  was  perhaps  a  little  misleading.    The  tree  must  have  Mr,o.L.Smitii. 
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been  one  badly  formed  at  the  root.    He  did  not  diink  there  was  a  tree 
of  that  size  solid  right  through. 

Mr.c.E.Goad.  It  was  a  rare  thing  to  see  a  tree  solid  right  through  there.  The 
paper  is  well  written  and  the  subject  elaborately  gone  into.  There 
seemed  to  have  been  great  difficulty  in  regard  to  the  carriage  of  ma- 
terial, etc.,  but  this  matter  could  not  be  followed  out  properly  without 
being  able  to  see  how  the  plans  were  adapted  to  the  peculiar  formation 
of  the  ground. 

Mr.  Fetenon.  It  would  have  been  much  better  had  a  laige  sketch  been  made 
showing  the  most  important  points  of  the  dam,  etc.,  and  the  methods 
taken  to  prevent  the  water  following  through  the  longitudinal  timber, 
which  is  a  great  source  of  trouble  in  all  works  of  this  kind.  As  he 
understood  it,  in  this  case  the  water  was  kept  back  by  sheet  piling. 
Then  there  was  the  question  of  getting  round  the  end,  also  a  difficulty 
that  had  been  overcome  by  a  brush  and  gravel  bank,  but  he  did  not 
understand  how  the  concrete  was  put  in.  It  would  be  a  good  plan  to 
make  a  rule,  such  as  was  in  force  in  the  Institution,  that  all  papers 
should  be  accompanied  with  large  drawings  which  could  be  hung  on  the 
v^alls.     Thb  would  very  materially  tend  to  aid  the  discussion. 

Prof.  Borey.  In  reading  the  paper  over,  it  would  seem  that  some  of  the  concrc^ 
had  been  made  by  mixing  a  certain  amount  of  cement  with  gravel,  out 
of  which  stones  over  a  certain  size  had  been  eliminated.  This  was 
contrary  to  the  practice  recognized  by  many  eminent  authorities,  who 
said  that  the  best  concrete  was  made  of  stones  of  irregular  sizes — not 
limited  to  1^  inches. 

Mr.  Oower.  The  material  was  different  from  what  we  had  here.  Take  the  London 
gravel,  which  was  similar  to  that  they  had  in  Vancouver,  and  the 
practice  was  the  same.  All  big  gravel  was  taken  out.  It  was 
more  of  a  sea  gravel  than  anything  else,  and  generally  it  ran  1^"  to 
f /'  and  with  a  fine  kind  of  grit  was  mixed  six  to  one  with  Portland 
cement  This  plan  was  invariably  adopted  by  engineers  in  the  south  of 
England. 

Prof.  Borey.  The  best  concrete  was  made  of  gravel  of  different  sizes — the  more 
irregular  the  sizes  the  better.  As  to  limiting  the  size  of  the  gravel, 
some  engineers  say  that  large  blocks  of  stone  can  be  put  in  without 
injuring  the  concrete  in  the  least. 
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Col.  Hajward,  City  Engineer  of  London,  in  his  specification  forHr.Govw. 
gravel,  specifies  for  a  small  gravel  nothing  larger  than  1^/'  mixed  in 
proportion  of  six  to  one. 

The  idea  of  having  stones  larger  than  1^"  taken  out  was  probably  Mr.  Petenon. 
because  the  concrete  had  to  go  into  a  small  space  and  had  to  be 
rammed.  In  filling  large  spaces  there  was  no  question  but  that  large 
stones,  two  or  three  feet  square,  might  be  put  in.  In  the  Lachine 
bridge  they  put  large  maHses  of  concrete — 20'  x  40'  x  15' — in  the 
middle  of  which  they  might  have  put  large  stones  and  filled  in  all  round 
them,  and  in  many  cases  stones  larger  than  1^"  were  put  in.  In  the 
case  under  discussion,  however,  they  were  quite  right  in  taking  out 
everything  over  1^,"  for  the  reason  that  they  had  to  pack  the  cement, 
and  it  would  be  much  easier  to  ram  and  make  a  much  better  job  with 
small  stones  than  with  large  ones. 

The  timber  in  Burrard  Inlet  would  in  all  probability  be  affected  by  Prof:  BoTey. 
worms.     He  did  not  know  to  what  extent  the  Teredo   Navalis  had 
appeared  on  the  Pacific  coast.     Some  member  present  might  be  able  to 
say  whether  any  information  had  been  obtained  on  this  subject. 

Had  seen  specimens  in  the  Library  of  the  House  of  Commons  atMr.BJackwoU. 
Ottawa,  showing  the  effect  of  the  *'  Teredo  Navalis  "  on  the  timber  of 
the  Pacific  coast,  which  is  very  disastrous.  It  had  occurred  to  him  what 
a  fortunate  city  Vancouver  was  as  compared  with  other  towns  having  the 
average  system  of  water-supply  and  cost  of  same.  In  Vancouver  they 
had  an  abundant  supply  of  cold,  dear,  running  water  for  almost  noth- 
ing. He  imagined  that  if  these  works  had  been  economically  carried 
out,  there  would  be  a  supply  of  water  for  all  time  at  a  cost  of  from 
one  to  two  dollars  per  head  per  annum.  There  was  a  pressure  of 
80lbs.  at  the  highest  part  of  the  town,  which  was  remarkable. 

In  the  harbour  of  Vancouver,  on  Burrard  Inlet,  piles  of  18"  diameter  Mr.  Petenon. 
are  eaten  through  sometimes  in  a  year,  and  in  a  sawn  section  one  can 
scarcely  find  half  a  square  inch  in  any  one  place  of  solid  wood.  The 
holes  are  ^"  in  diameter,  and  some  probably  larger.  The  wood  is  just 
as  if  it  had  been  perforated  with  a  series  of  auger  holes.  He  felt  cer- 
tain the  teredo  would  never  reach  the  dam,  there  is  a  great  elevation 
with  a  very  heavy  current.  They  did  not  find  them  even  where  the 
water  was  brackidi. 
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Prof.  Borey  It  bad  been  stated  tbat  good  cast-iron  would  resist  tbe  action  of  salt 
water,  bat  he  did  not  know  of  a  case  on  record  in  which  it  had  been 
found  to  do  so.  In  a  case  that  had  <y)me  under  his  own  notice  colamus 
taken  up  from  foundations  in  salt-water  were  just  like  sponge. 

Mr.  Blaokwel].  He  had  not  had  much  experience  with  cast-iron  in  salt  water,  but  had 
seen  cast-iron  taken  out  of  columns  or  piers  just  like  cheese.  That  was 
the  ordinary  gray  cast-iron  of  foundry  casting.  He  would  like  to  know 
something  more  about  these  pipes,  which  he  believed  were  made  in  Glas- 
gow. The  sheet  steel  pipes  had  ends  ri  vetted  on  which  were  described 
as  *'  white  castriron."  There  must  be  something  more  than  that,  be- 
cause if  simply  white  cast-iron  they  would  be  of  no  use  at  all ;  they 
would  be  like  glass,  having  no  tensile  strength.  In  Glasgow  there  were 
several  firms  which  made  a  specialty  of  producing  a  metal  called 
**  McCaffie's  metal " — a  sort  of  white  metal.  In  the  first  place  when 
cast  it  was  like  white  pig,  and  was  then  decarbonized  in  a  furnace,  which 
converted  it  into  a  kind  of  semi-steel.  If  simply  white  metal  they 
would  not  be  fit  for  the  purpose.  It  mi«2;ht  be  assumed  that  these  joints 
were  made  of  a  material  superior  to  ordinary  "  white  pig  "  or  "  white 
oast-iron."  A  little  more  informatioii  regarding  these  joint  castings 
would  be  bteresting. 

Mr.  Fotenon.  Plenty  of  white  metal  water  pipes  could  be  obtiined  from  Scotland 
and  the  north  of  England.  He  had  got  some  out  of  pure  white  metal, 
which  were  nearly  useless. 

Mr.  BiaokweU.     White  metal  was  uselesF,  as  it  had  so  very  little  tensile  strength. 

Mr.  Peterson.  When  in  Vancouver  last  year  he  saw  this  cast-iron  pipe,  a  portion  of 
the  wrought-iron  pipe,  and  also  the  valve  that  was  placed  between  the  cast 
and  wrought  iron  pipe.  There  was  a  very  heavy  stream  of  water  pouring 
out,  and  he  was  told  that  the  wrought-iron  pipe  was  not  sufficiently 
strong  to  stand  the  pressure.  Its  thickness  was  less  than  ^" — about 
^^",  and  the  rivets,  he  imagined,  were  about  4''  or  5"  apart.  It  was  a 
very  thin  plate,  and  the  water  was  flowing  in  little  streams  out  of  nearly 
all  the  joints  of  the  sides.  He  believed  that  they  had  since  put  straps 
round  the  pipe  to  hold  it  together,  but  they  had  reduced  the  pressure 
by  means  of  a  safety  valve.  He  was  astonished  to  see  the  small  sise  of 
pipes  ^hich  had  been  put  in  for  mains,  viz. : — 4^'  and  2^",  and  he 
thought  this  was  a  mistake.  He  considered  streets  should  have  nothing 
less  than  6"  pipe,  that  is  in  places  where  there  was  to  be  fire  protection. 
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A  4''  pipe  was  DOt  large  enough,  and  a  hydrant  on  a  2"  pipe,  in  the  case 
of  a  laige  fire  with  three  streams  going,  would  he  utterly  useless — there 
would  he  no  water.  It  was,  however,  a  case  where  the  water  supply 
was  furnished  hy  a  company,  which  he  thought  should  never  be  done. 
There  can  be  no  possible  reason  why  every  ciry  or  town  should  not  build 
and  own  its  water  works.  The  oorporation  can  certainly  borrow 
money  at  a  lower  rate  of  interest  than  any  company,  and  can  afford  to 
put  in  just  such  distribution  of  pipes  as  are  wanted,  and  the  corporation 
will  then  have  complete  control  of  its  own  streets.  He  knows  of  no 
instance  where  corporations  have  been  supplied  by  water  companies 
in  which  the  supply  has  not  been  unsatisfactory,  or  in  which  the  cost  to 
the  citisens  has  not  been  greater  than  if  they  had  had  a  much  more 
liberal  supply  under  their  own  control. 

In  reply  to  the  remarks  of  Mr.  Mohnn,  the  bed  and  banks  of  the  Mr.;H.B.  smith 
Capilano  having  been,  for  ages  past,  swept  by  flood  currents  of  great 
velocity,  all  loose  boulders  have  long  since  been  carried  away,  leaving 
the  larger  boulders  so  interlocked  that  it  is  rarely,  and  only  in  extreme 
floods,  that  one  is  loosened  and  carried  down  stream.  In  the  course  of 
years,  it  is  probable  that  detritus  from  the  banks  may  lodge  itself  in 
front  of  the  dam ;  but,  should  this  accumulate  to  any  inconvenient 
extent,  it  can  be  readily  removed,  and  at  small  expense.  In  the  ordin- 
ary quiescent  state  of  the  river,  when  the  current  does  not  exceed  5 
miles  per  hour,  it  is  not  probable  that  stones  or  good<sized  boulders,  as 
suggested  by  Mr.  Mohun,  are  in  motion  along  the  bed  of  the  stream. 
Smeaton*s  observations  go  to  prove  that  a  velocity  of  11^  feet  per 
second  will  not  derange  quarry  rubble  stones  not  exceeding  half  a  cubic 
foot. 

The  considerations  which  decided  the  construction  of  a  dam  and 
reservoir  at  the  point  of  supply  were  as  follows : — A  pressure  as  nearly 
uniform  and  invariable  as  possible  would  be  obtained.  There  would 
be  a  direct  gam  of  11  feet  of  head,  which  would  allow  the  system  to  be 
carried  through  the  rock  bluff  at  the  end  of  the  22  inch  main,  by  means 
of  a  tunnel  of  moderate  length.  To  ohtain  the  same  head  without  a 
dam,  the  22  inch  main  would  have  to  be  extended  at  least  1,500  feet 
further  up  stream,  under  conditions  which  presented  features  especially 
tmfavourable  for  pipe  laying,  and  for  the  permanency  of  the  pipes 
when  laid.  By  reference  to  plate  XVI.,  it  will  be  seen  that,  at  a 
point  1,500  feet  above  the  present  dam,  the  channel  of  the  river  is  not 
confined  to  one  permanent  position.  Moreover,  as  the  eastern  branch, 
at  the  present  period,  is  dry  at  low  water,  and  the  island  between  the 
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channels  is  invariably  flooded  at  high  waterman  eztenaion  of  the  22iii€li 
main  above  the  dam  mnst  neoessarilj  cron  the  western  branch  to  ito 
western  side,  and  following  that  side,  where  the  banks  are  high  and 
rock  in  sita  is  exposed,  reach  a  point  where  works  for  an  entry  eondvit 
of  a  safe  and  reliable  character,  during  all  stages  of  the  river,  would  be 
of  a  costly  nature. 

Finally,  as  the  Capilano  is  a  stream  which  has  only  become  known 
since  the  construction  of  the  water  works,  reliable  data  as  to  the  lowest 
possible  stage  of  water  are  still  wanting.  It  is  impossible  to  say  with 
certainty  what  changes  in  its  volume  may  occur  in  the  future ;  more 
especially  when  it  is  taken  into  account  that  its  banks  may  be  denuded 
of  timber  by  forest  fires  and  the  improvements  of  settlers,  Mud  that  at 
any  season  the  snowi'all  in  the  mountains,  on  which  its  very  existence 
depends,  might  be  very  much  let>s  than  it  has  ever  been  known  to  be. 
Giving  due  weight  to  these  considerations,  no  doubt  Mr.  Mohun  will 
acquiesce  in  the  opinion  that  the  dam  is  a  very  valuable  addition  to 
the  system. 

Several  lengths  of  steel  main  in  the  low  lying  parts  of  the  system 
subject  to  full  head,  when  first  laid,  developed  leaks  more  or  less  annoy- 
ing. These  leaks  were,  however,  overcome  in  the  usual  manner,  by 
means  of  cast-iron  lugs,  leaded  and  caulked,  and  by  the  substitution 
of  new  lengths  where  the  originals  were  leaky  enough  to  warrant  this 
step.  The  Iron  Works  Company,  who  furnished  the  pipes,  under  con- 
tract for  manufacturing,  laying,  and  maintaining  the  line  of  mains  for 
two  months  after  completion,  were  solely  responsible  for  the  leaks;  and 
it  is  worthy  of  note  that  the  substituted  lengths,  made  by  them  from 
the  same  design  as  the  original  leaky  ones,  were  found  to  be  entirely 
satisfactory,  showing  that  the  leaks  in  the  original  lengths  arose,  not 
from  the  character  of  the  pipes  used,  but  from  some  fault  in  the  con- 
struction of  these  lengths.  The  Victoria  Water-Works,  for  which  the 
same  company  subsequently  made  and  laid  a  main  exactly  similar  in 
all  its  details,  is  no  parallel  case,  the  total  head  of  that  system  being 
under  200  feet. 

When  the  break  in  the  submerged  main  occurred,  the  writer  was  in 
England,  and  can  give  no  account  of  it  from  personal  knowledge.  All 
the  evidence  in  his  possession  goes  to  prove  that  it  was  a  break  pure 
and  simple,  due  to  a  severe  water  ram  created  by  a  too  sudden  closing 
of  the  hydrants,  and  acting  upon  a  defective  pipe  casting.  The  outer 
and  inner  skins  of  the  metal  at  the  point  of  rupture  were  found  to  be  as 
perfect  as  on  the  day  of  immersion,  15  months  previously,  proving  con- 
clusively that  the  action  of  the  salt  water  had  had  no  deteriorating 
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effects.  There  appeared,  howeyer,  in  the  oentre  of  the  fracture,  a 
globular  mass,  showing  a  check  by  cooling  or  some  other  cause,  which 
had  prerented  a  proper  fusion  of  the  metal  during  the  process  of  cast- 
ing. The  fracture  beyond  the  flaw  showed  the  hard,  close-grained, 
white  surface  of  a  casting  of  good  quality. 

Inasmuch  as  there  has  been  a  great  diversity  of  opinion,  and  so 
much  has  been  written  and  spoken  as  to  the  possibility  of  repairing  a 
break  in  the  submerged  main,  it  is  fortunate  that  this  accident  occurred 
at  the  time  it  did,  as  it  has  demonstrated  beyond  question,  even  to  the 
most  sceptical  mind,  that  this  part  of  the  system  can  be  got  at  and 
repaired  almost  as  readily  as  any  otlier  part.  Although,  on  this  occa- 
sion, the  city  was  deprived  of  its  water  supply  for  a  period  of  eight 
days,  this  was  not  due  to  the  difficulty  of  effecting  actual  repairs,  but 
to  the  unusually  stormy  weather  which  unfortunately  prevailed  at  the 
time  of  the  occurrence,  preventing  the  company's  divers  from  locating 
the  leak.  As  soon  as  this  was  done,  the  necessary  repairs  were  accom- 
plished within  24  hours.  Under  the  ordinary  summer  and  winter  con- 
ditions appertaining  to  Burrard  Inlet,  any  similar  leak  can  be  repaired 
in  the  same  or  possibly  a  less  period  of  time. 

There  can  be  no  doubt  that  had  Mr.  Keefer's  recommendation  (that 
automatic  blow-offs  be  placed  at  each  end  of  the  submerged  main)  been 
adopted,  the  possibility  of  a  break  from  water  ram,  even  under  the 
conditions  described,  would  have  been  greatly  lessened ;  and  had  the 
general  plan  of  the  system  been  carried  out  in  its  entirety  before  the 
works  were  put  in  operation,  such  a  break  would  have  caused  no  incon- 
venience whatever  to  the  city.  It  is  even  doubtful  whether  the  citizens 
would  have  been  aware  of  its  occurrence.  By  referring  to  plate  XVIII, 
it  will  be  seen  that  the  general  |^an  provides  for  duplicate  mains  at  the 
Narrows — one  of  cast-iron  (laid)  and  one  of  steel  (to  be  laid).  With- 
out presuming  to  criticise  the  action  of  the  company  in  not  having 
completed  the  crossing  of  the  Narrows,  as  designed,  up  to  the  time  of 
the  break,  there  can  be  no  doubt  that  it  would  have  been  well  had  they 
done  so.  At  the  same  time,  it  must  be  conceded  by  all  disinterested 
parties,  that,  as  Vancouver  is  a  young  city,  with  as  yet  a  small  popula- 
tion, the  citizens  deserve  every  credit  for  the  energy  already  displayed, 
and  for  the  confidence  they  have  expressed  in  the  future  progress  of  the 
city,  by  risking  so  much  private  capital  in  completing  the  system  all 
but  this  one  link,  the  more  so  as  the  chance  of  a  break  was  infinitesimal. 
Since  the  occurrence  of  the  accident,  pipes  have  been  ordered  and 
tenders  invited  for  the  laying  of  the  duplicate  main. 

The  method  proposed  by  Mr.  Mohun,  for  protecting  the  single  sub- 
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merged  main  from  ships'  anchors,  is  not  a  new  idea.  From  the  incep- 
tion of  the  scheme,  it  was  intended,  should  circumstances  render  it 
advisable,  to  insure  the  safety  of  the  pipes  by  a  covering  of  concrete  in 
sacks.  In  the  present  instance,  however,  the  pipe  shell  being  of  great 
strength,  and  to  a  large  extent  imbedded  in  the  soft  sandstone  bottom 
of  the  Narrows,  it  is  a  matter  of  opinion  whether  such  a  costly  addition 
to  the  works  would  have  been  advisable;  the  more  so,  as  the  author  is 
not  aware  that  this  or  any  other  protection  has  been  adopted  in  the  case 
of  the  submerged  mains  of  other  systems. 

Mr.  Summerfield  is  labouring  under  a  misapprehension  when  he 
quotes  the  Vancouver  Water  Works  system  as  an  example  of  the 
tendency  amongst  engineers  to  exact  too  much  from  mild  steel.  To  make 
good  this  assertion,  he  has  endeavoured  to  show  that  the  factors  of 
safety  of  the  22  inch  and  1 6  inch  mains  are  respectively  6  and  3^, 
assuming  the  ultimate  tensile  strength  of  mild  steel  at  60,000  lbs.  per 
square  inch,  with  a  loss  of  30  per  cent,  for  double  rivetting,  and  that,  with 
these  factors  of  safety,  no  great  amount  of  corrosion  can  take  place. 

The  tensile  strength  of  the  mild  steel  employed  in  the  construction 
of  the  mains  in  question  is,  as  per  contract,  72,000  lbs.  per  square 
inch ;  60,000  lbs.  being  little  more  than  is  ordinarily  allowed  for  rolled 
wrought-iron  plates  of  the  best  quality.  The  double  rivetting  of  the 
horizontal  seams  has  been  so  designed  that  75  per  cent,  of  the  full 
strength  of  the  plates  has  been  retained.  The  ultimate  strength  of  the 
22  inch  main  Ai.  of  an  inch  thick  is,  therefore,  540  pounds.  This 
main,  being  subject  to  a  maximum  pressure  of  71  lbs.  per  sq.  inch,  has 
consequently  a  factor  of  safety  against  rupture  at  the  horizontal  seams 
of  7yj  instead  of  6. 

The  ultimate  strength  of  the  16  inch  main,  li-  of  an  inch  thick,  is 
743  pounds.  The  maximum  pressure  it  is  called  upon  to  withstand 
at  its  lowest  levels  (which  it  may  be  here  mentioned  form  but  a  small 
part  of  its  whole  length,  and  are  so  situated  as  to  be  easy  of  access 
both  for  inspection  and  repairs)  is  180  pounds  per  sq.  inch.  Its 
factor  of  safety  against  rupture  at  the  horizontal  seams  is,  therefore, 
4^,  instead  of  3J. 

These  calculations  refer  to  the  ultimate  strengths  of  the  mains  at 
their  weakest  part,  namely,  the  double  rivetted  horizontal  seams.  As 
far  as  corrosion  is  concerned,  and  this  is  what  Mr.  Summerfield  more 
particularly  refers  to,  the  seams,  being  of  two  thicknesses  of  metal, 
are  the  strongest  parts  of  the  pipe.  The  shell  will  be  the  first  to  give 
way  under  this  cause ;  and,  in  calculating  factors  of  safety  with  refer- 
ence to  corrosion,  the  full  strength  of  the  plate  must  be  allowed. 
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These  factors  may  readily  be  ascertained  to  be  10  and  5|  for  the  22 
inch  and  16  inch  mains,  respectively.  The  author  is  of  opinion  that 
these  results  give  satisfactory  eridence  of  the  permanent  safety  of  the 
mains,  and  in  support  of  this  opinion  would  mention,  that  in  the 
Pacific  States  of  the  Union  long  systems  of  rivetted  wrought-iron 
pipes  have  been  in  constant  and  satisfactory  use  for  many  years,  under 
pressures  sometimes  as  great  as  one-half  their  ultimate  strength. 

In  connection  with  this  subject,  the  following  table,  showing  the 
strengths  and  pressures  in  the  various  parts  of  the  Virginia  City, 
Nevada,  supply  main,  11  i  inches  diameter  and  37,000  feet  in  length, 
may  be  of  some  interest. 

VIRGINIA   CITY,  NEVADA,  RIVETTED  WROUGHT-IRON  SUPPLY   MAIN. 
Ultimate  strength  55,000  lbs.  per  sq.  inch,  less  30  p.c.  for  double  rivetting. 


Head  in  feet. 


Extreme  pressure  in  lbs. 

per  inch 

Thickness  in  inches . . . . 
Ultimate  strength  in  lbs. 

per  sq.  inch 

Factor  of  safety 


0 

200 

330 

430 

570 

700 

950 

1050 

1250 

to 

to 

to 

to 

to 

to 

to 

to 

to 

200 

330 

430 

570 

700 

950 

1050 

1250 

1400 

87 

143 

187 

247 

304 

412 

456 

543 

608 

.065 

.072 

.083 

.109 

.120 

.148 

.180 

.220 

.259 

435 

482 

556 

724 

803 

991 

1205 

1473 

1734 

5 

3.4 

2.96 

2.93 

2.64 

2.40 

2.64 

2.71 

2.85 

1400 
and 
over 


750 
.340 

2276 
3 


It  may  be  here  incidentally  mentioned  that,  in  a  recent  publication 
of  the  London  Steel  Pipe  Company,  issued  under  the  auspices  of 
Messrs.  Russell  Duncan  and  H.  C.  Mylne,  Associate  Members  Inst. 
C.E.,  it  is  stated :  "  Wrought-iron  pipes  have  been  extensively  used  in 
the  States,  and  it  has  been  proved  that  no  risks  are  run  from  fear  of 
corrosion.  Hundreds  of  miles  of  wrought  iron  pipes  have  been  used 
for  periods  extending  to  over  30  years,  and  no  indications  are  shown 
of  injurious  oxidation.  In  some  cases  the  pipes  have  been  used  with- 
out coating  of  any  kind,  in  others  they  have  been  coated  with  natural 
asphaltum,  which  is  the  common  method  of  coating  pipes  in  the 
United  States.  Under  ordinary  conditions,  the  coating  of  natural 
asphaltum  is  not  affected  by  water,  earth,  or  atmosphere.' ' 

In  May  of  this  year,  1890,  14  months  after  the  opening  of  the 
Vancouver  system,  an  official  examination  of  the  steel  mains  was 
made  for  the  purpose  of  ascertaining  to  what  extent  corrosion  had 
taken  place.  The  earth  covering  was  removed  at  numerous  points 
along  the  line,  and  the  pipes  and  castings  closely  examined  without  an 
indication  of  oxidation  being  found. 
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The  number  of  horizontal  bends  in  the  22  inch  main  is  33,  and  in 
the  16  inch  main  103.  Of  vertical  bends  the  22  inch  main  has  20, 
none  of  which  exceed  10  degrees  deflection;  and  the  16  inch  main  23, 
none  exceeding  15  d^rees  deflection.  As  is  the  case  in  all  properly 
constructed  systems,  every  elevation  of  any  magnitude  is  tapped  by  an 
air-cock ;  a  fact,  which,  though  not  mentioned  in  the  paper  on  the 
Vancouver  Water  Works,  was  so  obviously  necessary,  that  it  might 
have  been  taken  for  granted.  The  profile  of  the  22  inch  main  from 
the  dam  to  the  blow-off  at  the  tunnel,  a  distance  of  2^  miles,  is  very 
uniform.  Naturally  the  greater  part  of  any  sediment  brought  down 
from  the  well  chambers  will  be  deposited  in  this  main.  The  8  inch 
blow-off  is  amply  sufficient  to  flush  it  when  required. 

The  greater  number  of  the  vertical  bends  in  the  16  inch  main  are 
located  in  the  first  8,000  feet  beyond  the  tunnel,  where  the  pipe  Hue 
passes  over  unavoidable  sidehill.  Whatever  small  proportion  of 
sediment  may  be  carried  past  the  deep  depression,  where  the  blow-off 
at  the  tunnel  is  situated,  into  the  16  inch  main,  will  be  of  minute 
particles,  and  will  have  little  opportunity  to  settle  in  the  bends,  inas- 
much as  the  velocity  of  flow  in  that  main  is  5  >  feet  per  second,  a 
velocity  amply  sufficient  to  keep  fine  particles  in  a  constant  state  of 
progression  towards  the  8  inch  blow-off  at  Burrard  Inlet.  However, 
should  an  accumulation  of  silt  from  some  unexpected  cause  take 
place  at  any  of  these  bends,  the  deposit  may  readily  and  with  reason- 
able expense  be  removed  by  the  ordinary  means  adopted  in  such  cases, 
such  as  self-acting  scrapers,  spring  gouges,  etc. 

Mr.  Summerfield  unhesitatingly  states  that  it  is  very  evident,  from 
the  description  given  of  the  turning  on  of  the  water,  that  *'  water  ram 
and  air  compression  were  treated  as  a  myth."  This  is,  to  say  the 
least,  a  hasty  and  ill-considered  assertion,  in  no  wise  warranted  by 
the  account  given.  It  is  evident  that,  in  this  instance,  he  has  pictured 
to  himself  a  system  of  water  works,  being  opened  for  the  first  time 
with  a  full  velocity  of  water  flowing,  and  every  air-valve  and  blow-off 
closed.  This  portion  of  the  paper  was  necessarily  brief,  and  did  not 
contain  details  minute  enough  to  give  a  full  and  complete  des- 
cription of  how  the  work  was  accomplished.  Moreover,  Mr.  Sum- 
merfield, although  he  makes  no  mention  of  the  fact,  may  have 
been  led  somewhat  astray  by  a  clerical  error  which  appears  to  have 
crept  into  the  manuscript  or  print.  In  the  latter  it  is  stated — "  at 
9.45  p.m.  the  water  reached  the  closed  12  inch  valves  on  the  north 
shore  of  Burrard  Inlet."  For  "  valves "  should  be  read  valve.  If 
this  faulty  paragraph  had  anything  to  do  with  the  misunderstanding 
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which  seems  to  have  occurred,  it  is  to  be  regretted.  But,  in  any  case, 
in  order  that  a  clear  conception  be  obtained  of  the  manner  in  which  the 
mains  were  first  filled,  the  following  more  minute  description  is  given. 

When  it  was  decided  to  make  a  test  trial  of  the  line  of  mains,  the 
gate  at  the  well  chambers  of  the  dam  was  lifted  high  enough  to  expose 
a  segment  of  the  22  inch  main  3  inches  deep ;  the  8  inch  blow-off  at 
the  tunnel  and  all  the  air-valves  being  wide  open.  By  means  of 
these,  the  air  was  expelled,  the  incoming  water  occupying  its  place, 
and  very  gradually  filling  up  the  main  until  it  was  dischai^ng  freely 
through  the  blow  off.  The  22  inch  main  was  allowed  to  continue  in 
this  state  for  a  period  of  48  hours.  No  breakage  or  sign  of  leakage 
having  taken  place,  the  gate  at  the  well  chambers  was  lifted  from  time 
to  time,  until,  on  the  5th  day  from  the  first  partial  opening,  it  was 
opened  wide,  the  water  in  the  main  discharging  freely  through  the  8 
inch  blow-off. 

This  trial  being  so  satisfactory,  it  was  then  decided  to  test  the  16 
inch  main.  The  8  inch  blow-off,  before  mentioned,  was  partially 
closed,  and  the  water  allowed  to  rise  up  the  steep  incline  to  the  tunnel, 
until  that  part  of  the  22  inch  main  passing  through  the  tunnel,  and 
connecting  with  the  16  inch  main,  was  filled  one  quarter  full.  How 
very  slowly  this  was  accomplished  will  be  understood  from  the  fact 
that,  although  the  22  inch  main  was  nearly  full  up  to  the  8  inch  blow- 
off,  it  required  two  hours  from  the  time  of  partially  closing  that 
blow-off  to  reach  the  floor  of  the  tunnel.  The  22  inch  main  was  not 
allowed  to  exceed  about  one-quarter  full,  but  was  maintained  at  this 
level,  slowly  and  uniformly  filling  up  the  16  inch  main,  until  it  was 
discharging  freely  by  means  of  one  of  its  12  inch  valves  and  the  8 
inch  blow-off  at  Burrard  Inlet,  the  other  12  inch  valve  being  kept 
dosed  in  order  to  prevent  the  water  entering  the  12  inch  main  under 
the  narrows.  As  in  the  case  of  the  22  inch  main,  all  air-valves  were 
kept  wide  open,  allowing  free  vent  for  tlie  escape  of  air,  and  affording 
absolutely  no  opportunity  for  air  compression  or  hydraulic  ram. 

It  is  much  to  be  regretted  that  Mr.  Summerfield  cannot  be  gratified 
in  his  desire  for  information  as  to  the  behaviour  of  the  16  inch  main, 
under  such  (very  contradictory)  conditions  as  **  a  /uU  head  of  water 
flowing  with  a  velocity  of  1.4  feet  per  second.'^  As  Mr.  Summerfield 
calculated  the  velocity  with  which  the  water  in  this  main  travelled 
during  the  test  trial,  using  the  time  and  distance  given  in  the  paper, 
it  is  somewhat  surprising  that  he  did  not  also  calculate  the  velocity 
due  to  the  head  and  length,  and  thus  avoid  the  error  into  which  he 
appears  to  have  fallen.    From  the  data  at  his  disposal,  he  might 
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readilj  have  deduced,  that,  under  a  full  head  of  water,  the  yelooitj  of 
discharge  at  the  termiDatiou  of  the  main  in  the  city  is  5-&^  feet  per 
second.  But,  as  the  portion  referred  to  in  the  present  instance  is 
only  that  hetween  the  tunnel  and  Burrard  Inlet,  if  a  full  head  of 
water  had  been  allowed  to  enter  the  16  inch  main  at  the  tunnel,  the 
velocity  of  out-flow  would  have  been  found  to  greatly  exceed  5  ^  feet 
per  second,  using  as  data  the  total  fall  388  feet,  and  total  length 
19,320  feet,  between  these  two  points. 

Had  Mr.  Summerfield  ascertained  these  facts,  he  could  not  have 
fallen  into  the  rather  extraordinary  belief  that  water  ram  and  air 
compression  had  been  treated  as  a  myth ;  and  it  may  be  here  men- 
tioned, that,  had  both  12  inch  valves  been  dosed,  and  only  the  air- 
valves  along  the  line  and  the  8  bch  blow-off  at  Burrard  Inlet  been 
open,  these  latter  would  have  been  amply  sufficient  for  the  discharge 
of  air  and  the  prevention  of  hydraulic  ram. 

The  day  following  the  turning  on  of  the  water,  a  thorough  examina- 
tion of  the  whole  line  of  mains  from  Burrard  Inlet  to  t^e  dam  was 
made.  Throughout  the  whole  distance,  no  sign  of  leakage  was 
apparent.  Mr.  Summerfield's  inferences  that  ^^  something  occurred  '> 
are  without  foundation. 

The  reducing  tank  referred  to  is  entirely  temporary,  having  been 
built  solely  to  relieve  the  pressure  on  certain  defective  pipe  lengths  in 
the  lower  levels  of  the  system,  until  new  lengths  could  be  manufao- 
tured  and  substituted. 

With  reference  to  the  remarks  of  Mr.  Russell  Duncan,  in  a  com- 
parison between  steel  pipes  jointed  by  the  Moore  and  Smith  joint,  and 
those  jointed  by  means  of  faucets  and  spigots  attached  to  the  shell, 
the  word  ^^  cumbersome  "  was  used  in  reference  to  the  latter.  Thifi 
was  a  general  expression,  and  not  intended  to  particularize  any, 
individual  joint,  such  as  the  Biley  patent  referred  to  by  Mr.  Duncan, 
and  it  may  have  been  used  without  due  consideration. 

It  is  merely  a  matter  of  opinion,  which  is  the  simpler  joint  of  the 
two ;  but  on  comparing  them,  it  certainly  seems  that  a  joint  consisting 
of  a  plain  nipple  and  ring  is  simpler  and  more  easily  handled  than  a 
joint  made  in  imitation  of  ordinary  cast-iron  joints. 

Without  details  of  the  particular  joint  referred  to  by  Mr.  Duncan, 
it  cannot  be  determined  whether  it  requires  a  less  quantity  of  lead,  as 
he  avers,  than  the  Moore  and  Smith  joint ;  but  it  is  open  to  question, 
whether  any  safe  spigot  and  faucet  joint  can  be  designed  for  16  inch  or 
22  inch  pipes,  which  will  require  less  lead  than  27^  lbs.  and  37  —1. 
lbs.,  respectively,  the  amounts  used  in  the  Vancouver  water  works  for 
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these  diameters.  In  the  pamphlet  issued  by  the  London  Steel  Pipe 
Company,  it  is  claimed  that  the  steel  spigot  and  faucet  joint  of  a  24 
inch  pipe  requires  9^  per  cent,  less  lead  than  the  joint  of  a  cast  iron 
pipe  of  the  same  diameter.     (See  author's  paper,  page  337.) 

According  to  American  practice,  a  oast- iron  joint  for  a  24  inch  pipe 
would  require  not  less  than  50  lbs.  of  lead ;  consequently,  Mr.  Duncan's 
joint  for  the  same  diameter  would  require  50  lbs.  less  9^  per  cent.,  or 
45^  lbs.  But  it  can  be  easily  calculated  that  a  Moore  and  Smith  joint 
for  a  24  inch  steel  main  J-L  of  an  inch  thick  with  -^  inch  thickness  of 
lead,  the  usual  allowance,  would  require  only  39 J  lbs.  It  appears, 
therefore,  that  in  the  case  of  a  24  inch  pipe,  according  to  the  London 
Steel  Pipe  Company's  pamphlet,  as  applied  to  American  practice,  the 
Moore  and  Smith  joint  requires  5f  lbs.  less  lead  than  the  spigot  and 
faucet  joint  recommended  by  them. 

As  for  great  flexibility  at  the  joints,  it  is  not  adyisable  in  any  sys- 
tem of  water  works  to  make  with  large  mains  much  angular  deviation, 
without  special  castings.  It  is  not  necessary,  however,  with  the  Moore 
and  Smith  joint  to  lay  the  pipes  in  a  perftKStly  straight  line,  as  claimed 
by  Mr.  Duncan,  contrary  to  the  description  given.  It  will,  on  occa- 
sion, admit  of  deflection  to  the  extent  of  one  degree  per  length.  In 
the  case  of  24  feet  lengths,  this  would  form  an  8  degree  curve  of  716 
feet  radius.  Without  actual  knowledge  of  such  curves  having  been  put 
in  practice,  it  would  be  unwise  to  express  an  opinion  as  to  their  suit- 
ability ;  but  there  can  be  no  question,  that  by  means  of  this  joint,  such 
a  curve  as  that  on  the  Tay  Viaduct,  alluded  to  by  Mr.  Duncan,  round 
which  his  9  inch  spigot  and  faucet  pipe  was  laid,  can  be  easily  over- 
come, it  being  only  a  4^  10'  curve  with  a  radius  of  1386  feet. 

The  nipple  of  the  Moore  and  Smith  joint  in  the  Vancouver  Water 
Works  pipes  does  not  decrease  the  internal  diameter  of  the  pipes  at 
the  joints ;  but  in  thickness  of  pipe  shell  over  1-L  of  an  inch  actually 
increases  it.  Had  careful  consideration  been  given  to  the  drawing 
(Plate  XX),  there  could  have  been  no  misconception  on  this  point.  It 
is  there  plainly  shown,  that  the  end  courses  of  each  pipe  length  are 
large  or  outer  courses.  The  nipple  being  inserted  in  the  end  of  a  large 
course  must,  therefore,  when  of  the  same  thickness  as  the  shell,  have  the 
same  inside  diameter  as  the  inner  or  small  course,  which,  it  is  unneces- 
sary to  state,  is  the  governing  diameter  of  the  pipe.  The  nipple  adds 
greatly  to  the  stifihess  of  the  shell  at  the  joint,  but  having  no  water 
pressure  to  withstand  is,  for  economy  sake,  usually  made  of  thin  mate- 
rial, so  that,  in  the  case  of  a  thick  pipe  shell,  the  inside  diameter  at 
the  joint  is  greater  than  the  governing  diameter. 
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The  reply  given  to  Mr.  Summcrfield  folly  answers  Mr.  Dnncan's 
doubts  as  to  the  strength  of  the  16  and  22  inch  mains  in  comparison 
with  ordinary  Califcmian  practice.  When  he  reviews  this  subject,  it 
would  be  well  to  bear  in  mind  that  there  is  no  equality  of  strength 
between  wrought  iron  and  steel. 

The  omission  of  mention  of  the  test  pressures  imposed  on  the 
mains  was  an  oversight.  The  engineer's  specification,  and  the  com- 
pany's agreement  with  the  contractors  for  supplying  and  laying  the  steel 
mains,  provided  that  the  pipes  should  withstand  safely  and  without 
leakage  a  column  of  water  600  feet  high  or  260  lbs.  pressure  to  the 
square  inch ;  and  in  order  to  insure  the  application  of  proof  tests  by  the 
contractors,  a  special  clause  bound  them  to  maintain  and  keep  the 
whole  system  perfectly  tight  for  two  months  after  completion.  So  far  as 
the  engineers  are  concerned,  these  are  the  terms  of  the  contract  to  this 
day.  It  will  be  admitted  that  no  more  stringent  agreement  for  the 
laying  of  properly  tested  pipes  could  have  been  entered  into. 

Full  details  of  the  rivetting  of  the  12  inch,  16  inch,  and  22  inch  mains 
in  the  form  of  a  table  headed,  ^*  Details  of  Kivetted  Steel  Mains," 
accompanied  the  paper  under  discussion,  when  forwarded  to  the  Society. 
That  this  table  did  not  appear  in  the  advance  proof  is  to  be  regretted. 
However,  it  has  now  been  embodied  in  the  appendix  to  the  paper,  Vol. 
III.,  page  361. 

Mr.  Duncan's  inferences  and  quotations  from  the  author's  letter  to 
him  are  liable  to  mislead. 

Immediately  after  the  successful  turning  on  of  the  water,  the  con- 
cluding portion  of  the  paper,  in  which  the  account  appears,  was  written, 
and  the  whole  forwarded  to  the  Society.  There  is  nothing  in  this 
account  at  variance  with  the  facts  contained  in  the  letter  of  April  13th. 
The  primary  leaks  which  were  discovered  up  to  the  time  of  forwarding 
the  paper  to  the  Society  were  being  readily  repaired  in  the  manner 
described.  But,  on  the  second  day  afler  the  main  had  been  put  under 
full  presmre,  leaks  developed  themselves  in  the  low-lying  parts  of  the 
system,  of  an  altogether  different  nature,  and  too  numerous  to  be  eco- 
nomically repaired  in  ihe  same  manner.  The  extracts  quoted  by  Mr. 
Duncan  were  not  intended  by  the  author  to  reflect  in  any  way  on  the 
character  of  the  mains,  as  would  be  plainly  seen  were  the  latter  given 
in  full.  The  information  afforded  him  was  to  serve  as  data  on  which 
to  answer  the  questions,  whether  in  his  experience  he  had  ever  known 
a  jet  of  water  forced  out  between  the  laps  of  a  rivetted  pipe  to  actu- 
ally cut  the  shell  of  the  pipe  beyond  the  laps,  and,  if  so,  what  remedies 
were  adopted  by  him  ?  This  was  what  had  occurred  in  the  Vancouver 
system,  after  the  paper  had  left  the  author's  possession. 
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Mr.  Duncan  in  his  reply  oould  state  no  similar  case;  but  very 
kindly  advanced  many  theories,  among  which  were  the  following : — 
'^  That  an  hydraulic  ram  had  occurred ;  that  the  rivetting  of  the  seams 
was  faulty ;  that  the  plates  were  not  laid  flat  together  at  the  seams ; 
that  there  may  hare  been  burrs  left  at  the  rivet  holes ;  that  in  caulking, 
the  edge  of  the  plate  may  hare  been  upset  so  as  to  spring  one  plate 
more  than  another ;  and  that  the  rivets  may  hare  been  pitched  too  far 
apart/'  Any  one  of  these  causes  would  have  been  sufficient  reason  for 
leakage  between  the  laps,  but  would  not  account  for  the  cutting  of  the 
steel  plates  beyond  the  laps,  which  was  the  point  upon  which  informa- 
tion was  desired.  The  most  probable  explanation  of  this  phenomenon, 
of  a  water  jet  apparently  cutting  steel,  is  that,  in  rivetting  the  plates 
together,  too  much  power  was  used,  the  effect  being  to  compress  the 
plates  at  the  rivets,  and  to  buckle  them  in  the  intervals  between,  thus 
allowing  the  water  when  under  full  pressure  to  be  forced  out  with  great 
velocity.  As  the  soil  in  which  the  injured  pipe  lengths  are  laid  is 
nearly  pure  sand,  the  sand  particles  mixed  with  the  escaping  jets,  and 
being  kept  in  constant  motion,  acted  as  sand  blasts  at  the  points  where 
the  jets  struck  the  shell  just  beyond  the  laps.  This  theory  is  supported 
by  the  fact,  that  the  pipe  shells  were  not  cut  where  the  excavations  were 
in  earth  or  clay,  and  that  part  of  the  12  inch  steel  main  which  was  un- 
covered, though  leaking  at  several  laps,  showed  no  sign  of  abrasion.  It 
has  since  been  learned  that  similar  occurrences  have  taken  place  in 
eastern  cities,  where  the  practice  is,  either  to  box  the  mains,  or  remove 
the  sand  and  substitute  clay. 

Answers  to  the  queries  proposed  by  Mr.  Duncan  as  to  rivetting, 
coating,  etc.,  etc.,  are  to  be  found  in  the  paper. 

With  reference  to  the  statement  that  the  pipe  lengths  being  23^  9^"^ 
four  courses  would  have  been  preferable  to  seven  in  the  manufacture  of 
each  length,  it  may  be  briefly  replied,  that  four  courses  would  not  hav^ 
answered  in  the  kind  of  pipe  used.  In  order  to  admit  of  a  nipple  which 
would  not  lessen  the  governing  diameter  of  the  main,  it  was  necessary 
that  a  large  or  outer  course  should  be  at  each  end  of  each  length.  This 
oould  only  be  (see  Plate  XX.)  when  each  length  consisted  of  2,  5,  or  7 
courses.  The  ''  preferable  pipe  "  of  4  courses  would  have  had  a  small 
course  at  one  end,  which  would  not  have  received  a  nipple,  except  of 
lese  diameter  than  itself.  If  a  nipple  were  dispensed  with,  and  the 
smaller  course  forced  into  the  larger,  this  latter,  overlapping  the  other, 
would  make  the  thickness  of  lead,  at  each  side  of  the  junction,  unequal. 

As  to  its  being  bad  practice  to  make  up  each  pipe  length  of  7  courses 
of  so-called  small  plates,  this  is  a  matter  of  opinion,  and  not  warranted 
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by  oostom  on  the  Pacific  Coast.  The  pipes  of  the  Yanooayer  system 
have  been  endorsed  by  the  best  authority  in  California,  and  as  a  nota- 
ble example  of  similar  design,  the  36  inch  wrought  iron  main  of  the 
Spring  Valley  Water  Works,  CaL,  may  be  cited.  The  specification  of 
this  pipe  calls  for  plates  116'  x  44*. 

It  is  a  qnestionable  statement^  and  unsupported  by  proof,  to  say  that 
caulking  the  seams  as  described  tends  to  aggravate  leaks.  Experience 
on  this  coast  has  shown  that,  to  obtain  perfectly  tight  seams,  chij^ing, 
caulking  and  split  caulking  are  necessary.  A  reference  to  the  specifi. 
cation  of  the  Spring  Valley  Water  Works,  California,  and  the  Portland 
Water  Works,  Oregon,  will  give  further  information  on  this  point. 

The  spigot  and  faucet  joint,  having  only  one  surface  to  be  caulked, 
requires  less  labour  in  laying  than  the  Moore  and  Smith  joint,  which, 
owing  to  its  simple  construction,  has  two  surfaces.  This  advantage, 
however,  is  more  than  counterbalanced  by  the  original  labour  of  mak- 
ing the  spigots  and  faucets,  and  attaching  them  to  the  shell.  Had 
the  cost  of  these  details  been  given,  a  satisfactory  comparison  could 
have  been  made,  which  might  not  have  been  unfavorable  to  the  Moore 
and  Smith  joint. 

The  statement  made,  that  in  the  Riley  patent  socket  joint  it  is  not 
found  that  the  shell  is  bent  inward  by  caulking,  as  is  the  case  with  the 
Moore  and  Smith  joint  described  in  the  paper,  is  misleading.  The 
paper  merely  says :  ''  That  if  the  lead  is  beaten  between  the  ring  and 
the  pipe  too  tightly,  the  shell  of  the  latter  will  bend  inward ;  and  that 
it  is  necessary  to  caution  inexperienced  caulkers  with  r^ard  to  this." 
But  in  the  hands  of  caulkers  who  have  learned  their  business,  the 
Moore  and  Smith  joint  is  as  free  from  liability  to  defective  workman- 
ship as  any  other  joint;  an  assertion  which  is  amply  proved  by  the 
fact  that  in  the  Vancouver  Water  Works  system,  after  the  pipes  had 
been  suljected  to  a  full  pressure  for  several  weeks,  no  joint  in  the 
whole  length  of  10  miles  was  found  to  leak. 

Mr.  Duncan  claims  that  owing  to  the  spigot  end  of  the  socket  joint 
pipe  being  made  50  per  cent,  thicker  than  the  shell,  no  pressure 
imposed  in  caulking  will  indent  it.  This  is  somewhat  strange,  seeing 
that  he  admits  the  possibility  of  the  shell  of  the  Moore  and  Smith 
joint  pipe  being  bent,  where  the  extra  thickness  exposed  to  the  pressure 
of  caulking  is  often,  as  in  the  case  of  the  Vancouver  mains,  100  per 
cent.  In  the  latter  joint,  a  nipple  or  ring  5  inches  wide,  and  of  the 
same  thickness  as  the  pipe  shell,  is  closely  fitted  to  the  interior  sur&ce 
of  the  pipe,  directly  under  the  4  inch  ring  of  lead  to  be  caulked,  thus 
doubling  the  thickness  of  metal  exposed  to  the  pressure  of  caulking.  . 
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Mr.  Banoan's  oonclnding  obflervations  afford  very  valuable  informa- 
tion as  to  the  manufacture  of  pipes  by  the  London  Steel  Pipe  Gom- 
pany.  When  in  London  some  months  ago  the  author  had  the  pleasure 
of  seeing  various  specimens  of  these  pipes,  and  was  much  struck  by 
their  excellence.  For  finish  and  workmanship,  they  are  not  likely  to  be 
surpassed;  and  it  is  very  desirable  that  full  information  regarding 
them  should  be  well  known. 

In  reply  to  Mr.  Henshaw,  as  to  the  question  of  an  anchor  falling  on 
the  submerged  main^  it  is  conceded  that  it  would  be  undesirable  to 
invite  a  trial ;  but  in  the  event  of  such  a  test  being  made,  it  is  by  no 
means  certain  that  the  disastrous  effects  hinted  at  would  take  place. 
In  any  case,  such  an  occurrence  is  a  very  remote  possibility,  even  with 
one  submerged  main ;  while,  that  an  accident  should  happen  to  two  at 
the  same  time  is  almost  an  impossibility. 

With  reference  to  the  remarks  of  Messrs.  Blackwell,  Smith,  Gk)ad, 
Peterson,  Qower  and  Bovey,  there  is  no  mistake  about  the  dimensions 
of  the  Cedar  in  question.  Should  Messrs.  Blackwell,  Smith  and  Goad 
care  to  visit  British  Columbia,  they  can  have  the  pleasure  of  verifying 
the  measurements.  The  Cedar  is  dead,  but  is  very  uniform  from  the 
ground  upwards,  and  has  no  abnormal  enlargement  at  the  base.  Such 
trees  are  rarely  solid,  and  this  is  no  exception.  In  trenching  for  pipe 
lines,  it  is  not  usual  to  extract  such  stumps,  it  being  much  more  econo- 
mical to  tunnel  under  them, 

A  working  plan  of  the  dam,  drawn  to  the  scale  of  8  feet  to  the 
inch,  accompanied  the  paper  on  the  Vancouver  Water  Works.  It  was 
considered  that  this  would,  if  hung  on  the  wall,  have  afforded  all 
necessary  information. 

As  the  whole  fix>nt  of  the  dam  is  protected  by  double  sheet  piling, 
overlapping,  with  the  ends  imbedded  in  a  trench  of  concrete  sunk  in 
the  bottom  of  the  river,  and  the  shore  connections  protected  on  the 
south  side  by  a  hand-laid  stone  wall  with  a  weU  rammed  gravel  and 
earth  backing,,  and  on  ^e  north  side  by  a  gravel  embankment  of 
picked  material,  the  chance  of  water  percolation  through  the  body  of 
the  dam,  and  seepage  round  the  ends,  has  been  reduced  to  a  minimum. 
Certainly,  none  has  taken  place  during  the  two  years  of  the  dam's 
existence.  The  trench  in  which  the  sheet  piling  is  imbedded,  owing 
to  the  shallowness  of  the  river,  was  filled  with  concrete  in  a  simple 
manner.  The  concrete  wa9  wheeled  over  gangways  extending  along 
the  face  of  the  dam,  within  a  few  inches  of  the  water,  was  then 
deposited  over  the  sides,  and  allowed  to  settle  in  the  trench.  Twenty- 
four  hours  after  the  trench  had  been  filled,  the  concrete  was  firm 
enough  to  resist  moderate  probing. 
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The  definite  object  in  yiew  in  the  manufacture  of  the  concrete  was 
imperviouBness  and  a  thoroughly  secure  connection  between  the  foun- 
dations of  the  dam  and  the  bed  of  the  river.  The  space  in  which  it 
was  to  be  placed  was  very  confined,  being  a  narrow  trench,  not 
exceeding  at  any  point  a  depth  of  3  feet ;  and  being  for  the  most  part 
entirely  under  water,  it  would  not  permit  of  the  filling  being  packed 
and  rammed.  These  objects  could  only  be  obtained  by  making  the 
concrete  of  such  small  materials  that  the  whole  would  form  as  nearly 
as  possible  a  homogeneous  mass. 

The  author's  experience  in  the  manufacture  of  concrete  is  not 
extensive  enough  to  permit  of  his  expressing  an  opinion  as  to  the 
advisability  of  employing  large  stones.  But  it  is  worthy  of  note,  that 
the  specifications  for  the  water  works  systems  of  Gosport,  Lambeth, 
Bideford,  Halifax,  and  Aberdeen  distinctly  require  that  either  sharp 
gravel  be  employed,  or  that  all  stones  shall  be  broken  so  as  to  pass 
through  a  ring  1^  or  2  inches  diameter.  Also,  Trautwine  (page 
680,  edition  1886)  states  "  that  broken  stone  for  concrete  is  generally 
specified  not  to  exceed  about  2  inches  on  any  side  ;  but  if  well  freed 
from  dust,  all  sizes  from  ^  inch  to  4  inches  on  any  side  may  be  used." 

It  is  therefore  apparent  that  if  eminent  authorities  advocate  the  use 
of  large  stones,  many  quite  as  eminent  do  not. 

The  Teredo  Navalis,  not  being  gifted  by  nature  with  the  acrobatic 
powers  of  the  salmon,  is  not  likely  to  ever  find  a  home  in  the  timbers 
of  the  dam. 

Corrosion  of  metal  exposed  to  the  action  of  salt  water  is  a  subject 
of  great  importance ;  and  it  is  a  matter  for  surprise  that  really  reliable 
information  with  regard  to  it  is  difficult  to  obtain.  But  experience, 
so  far,  goes  to  prove  that  steel  and  wrought  or  cast  iron  of  proper 
quality  resist  this  action  for  long  periods.  Trautwine  says  *^that 
certain  cast  iron  sea  piles  of  hard  white  metal  showed  no  deterioration 
after  40  years  immersion."  (page  218,  edition  1886.)  The  double  8 
inch  cast-iron  pipes  laid  across  Shirley  gut  nearly  20  years  ago  are  in 
active  operation  to  this  day.  In  the  discussion  on  the  Avon  Bridge, 
published  in  the  last  volume  of  the  Society's  Transactions,  Mr. 
Uniacke  in  reply  to  Mr.  Blackwell  (page  286)  says  :  "  That  bolts  and 
plates  used  in  the  construction  of  the  old  bridge,  50  years  ago,  and 
exposed  to  salt  water  at  different  stages  of  the  tide,  showed  not  the 
slightest  corrosion."  Also,  in  constructing  the  new  steel  dock  gates  of 
Limerick  Floating  Dock,  the  pintles  of  the  old  gates  were  found  to  be 
so  little  affected  by  their  38  years'  exposure  to  salt  water,  that  they 
were  used  again. 
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It  is  to  be  noted  that  the  caat-iron  in  the  Vancouver  submerged 
main  is  of  the  quality  approved  of  in  Trautwine ;  and,  also,  that  there 
are  many  instances  of  similar  mains  submerged  in  salt  water,  designed 
by  eminent  engineers ;  as,  for  example,  the  aforementioned  Shirley  gut 
pipes,  the  Bournemouth  storm  outfall,  the  San  Francisco  Bay  mains 
and  the  San  Diego  Bay  main.  Full  information  as  to  the  manufac- 
ture, specification,  quality,  and  proof  tests  of  the  submerged  main 
are  given  in  the  paper  on  pages  344,  348,  351. 

It  is  difficult  to  believe  that  Mr.  Peterson's  remarks  relating  to  his 
observations  when  in  Vancouver  are  uttered  in  any  other  than  a 
jocular  spirit.  No  one  can  suppose  that  because  an  irresponsible 
individual  volunteered  the  information  that  the  st3el  mains  (wrought 
iron,  he  calls  them)  were  not  sufficiently  strong  to  withstand  the 
pressure,  he  credited  that  statement  without  investigation.  It  is  hard 
to  understand  his  imagining  the  rivets  to  be  4  or  5  inches  apart, 
seeing  that  this  is  nearly  4  times  the  extreme  distance.  The  round 
seam  rivets  of  the  12  inch  and  16  inch  mains,  referred  to  by  him,  are 
1.2  inches  and  1.08  inches  apart,  from  centre  to  centre,  respectively; 
and  the  straight  seam  rivets,  which  are  in  double  rows,  1.3  inches  and 
1.4  inches.  It  is  impossible  he  can  believe  that  any  steel  or  wrought 
iron  pipe,  which  had  so  yielded  to  pressure  that  water  was  flowing  in 
little  streams  out  of  nearly  all  the  joints  of  the  sides,  could  be  held 
together  and  rendered  serviceable  by  straps  placed  round  it.  All  new 
rivetted  pipes  weep  more  or  less  at  the  laps,  when  first  put  under 
pressure.  The  great  majority  of  the  leaks  he  observed,  being  on  the 
south  side  of  the  Inlet,  where  there  was  little  or  no  sand  to  cut  the 
plates,  **  took  up  "  of  their  own  accord,  without  special  repairs. 

The  submains  are  8  inches,  6  inches,  and  4  inches  in  diameter ;  not 
4  inches  and  2^  inches.  2^  inch  welded  wrought  iron  tubes  have  been 
laid  for  short  distances,  as  a  temporary  means  of  supply  for  certain 
buildings.     No  hydrants  are  connected  with  2^  inch  pipes. 

The  distribution  system  was  designed  by  the  most  eminent  authority 
on  water  works  in  Canada,  Mr.  T.  C.  Keefer,  C.E.,  C.M.G. 

In  the  case  of  Vancouver,  there  is  a  very  substantial  reason  why 
the  water  works  should  be  in  the  hands  of  a  private  company.  They 
were  projected  before  the  city  had  an  existence,  and  constructed  at  a 
time  when  the  city's  resources  were  being  fully  employed  in  making 
absolutely  necessary  improvements,  and  it  is  doubtful  whether  even  at 
this  day  the  city  would  care  to  incur  the  expense  of  water  works 
construction. 


Thnrsday,  16th  Jannary. 
K.  W.  BLACKWBLL,  Member  of  Council,  id  the  ebair. 
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THX  SAMSON. 

ONE  OF  THE  OLDEST  RAIL  ROADS  IN  CANADA. 


By  H.  S.  Poolx,  M.  Caw.  Soc.  C.  K 


In  1818,  when  coal  mines  were  first  opened  on  the  East  River  of 
Pieton,  a  tram  road  was  made  from  the  pits  to  the  head  of  the  tide, 
above  where  the  iron  railway  bridge  now  spans  the  river ;  but  shipments 
were  small  nntil  a  transfer  of  the  property  took  place  in  1827,  when  a 
new  site  for  the  wharves  was  selected  lower  down  the  river. 

As  the  trade  grew  and  the  inconvenience  of  shipping  in  shallow 
waters  was  more  and  more  felt,  other  sites  still  lower  down  were  fonnd, 
and  so  it  came  about  that  in  the  conrse  of  ten  years  four  moves  were 
made. 

The  tram  road  was  of  the  now  standard  gange,  4'  S^'\  and  was 
worked  by  horses.  Sidings  were  placed  abont  half  a  mile  apart,  and  each 
horse  went  his  half  mile  or  so  with  a  full  load,  and,  leaving  it  on  the 
main  line  for  the  next  horse  to  take  on,  returned  with  empty  wagons 
from  the  siding. 

When,  in  1834,  it  was  found  that  much  improved  facilities  were 
required  to  meet  the  growing  trade,  the  final  site  was  selected  opposite 
the  loading  ground,  some  four  or  five  miles  further  down  the  river  from 
the  shipping  place  in  use,  at  a  point  where  there  was  ample  water  for 
vessels  of  the  largest  sixe  then  engaged  in  the  coal  trade. 

The  extension  then  decided  on  was  subsequently  built  in  a  more 
substantial  manner  than  the  upper  part  of  the  road  had  been  made. 
It  was  finished  in  1838,  and  in  that  year  the  first  locomotive  ran  over 
a  rail  road  in  Nova  Scotia. 
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For  half  a  oentar j  this  rail  road  was  in  operation,  and  for  many  years 
Carried  passengers  as  well  as  freight;  it  was  finally  abandoned  last 
iutamn,  and  the  shipping  of  coal  transferred  from  tiie  loading  ground 
where  this  South  Pictou  Bail  Road  terminated,  to  wharves  at  the  mouth 
of  the  harbonr,  aoeess  to  which  is  obtained  over  a  branch  of  the  Inter- 
colonial Bailway  to  Pictou  Landing.  These  newer  whurves  will  aooom* 
modate  any  vessel  that  can  cross  the  bar  at  the  harbour's  mouth,  they 
are  accessible  earlier  and  later  in  the  season  than  those  at  the  loading 
ground,  and  from  them  loaded  vessels  can  sail  at  any  time  of  the  tide 
day  or  night. 

When  the  tram  road  gave  place  to  the  rail  road,  the  line  to  the  pita 
Was  also  changed,  and  the  whole  length  of  seven  miles  came  under  new 
surveys. 

The  President  of  this  Society  has  spoken  of  the  desirability  of  record* 
ing  the  names  of  those  who  were  pioneers  in  the  several  branches  of  the 
profession  of  engineering,  and  the  writer  would  now  name  Mr.  Peter 
Orerar  as  one  of  the  earliest  railroad  engineers  in  Nova  Scotia,  if  not 
in  Canada. 

Mr.  Orerar  was  bom  in  1785  at  Breadalbane  in  Perthshire,  and  came 
to  Nova  Scotia  in  1817.  He  first  taught  in  a  school  and  then  became 
deputy  land  surveyor,  in  which  latter  capacity  he  laid  out  several  of 
what  are  now  the  main  roads  in  Pictou  County.    He  died  in  1857. 

Mr.  Crerar*  had  had  no  experience  in  railroad  surveying  and  building 
prior  to  the  time  when  he  was  engaged  to  run  the  trial  lines  of  the  ex-' 
tension  of  the  South  Pictou  Rail  Road ;  yet  when  his  plans  and  specific 
cations  were  laid  before  the  Board  of  Directors  "  at  home,"  they  were 
so  well  satisfied  with  them  that  they  wrote  out,  paying :  ^'  What  need  is 
there  of  our  sending  you  an  engineer  when  you  have  Mr.  Crerar  in  the 
country  ?  Let  him  supervise  the  construction."  This  was  accordingly 
done,  and  several  of  the  sections  he  prepared  to  show  the  progress  of 
the  work  have  been  preserved.  One  of  these  sections  the  writer  is,  by 
the  kindness  of  Mr.  Clendenin,  the  President  of  the  Acadia  Coal  Com- 
pany, the  present  owners  of  the  property,  enabled  herewith  to  send  for 
preservation  in  the  archives  of  the  Society.  (See  Plates  I  to  III.) 

A  glance  at  Mr.  Orerar's  section  is  arrested  by  the  unusual  uniform- 
ity of  the  grade  for  a  road  passing  through  a  country  so  uneven  as  there 
shown,  so  different  from  that  ordinarily  met  with  on  colliery  railways 
built  in  the  present  day.  The  road  starts  ttom  the  pits  with  a  falling 
grade  of  one  in  437  feet  for  a  distance  of  3500  feet,  thence  it  is  practi- 
cally level  for  18,770  feet,  a  slight  incline  of  one  in  578  feet  then  follows 

#  In  acme  papers  he  signs  himself  *<  Geographic  Engineer.'^ 
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for  2,500  fttct,  snooeeded  by  a  Icfd  piece  of  road  for  6,810  feet ;  a 
grade  of  one  in  360  feet  for  1,500  feet  then  takes  the  road  to  the  timber 
stmotare,  in  connection  with  the  wharf  16^  feet  above  ordinary  high 
tide. 

It  will  ako  be  noticed  on  the  plan  of  the  road  that  in  the  matter  of 
cnrres  great  caution  has  been  shown ;  as,  even  when  it  entailed  extra 
cutting  of  considerable  amount,  nowhere  is  there  a  curve  of  over  4 
degrees  radius. 

The  cuttings  and  embankments  were  both  made  with  a  slope  of  one 
and  a  half  to  one  ;  the  former  being  made  18  feet  wide  at  the  bottom, 
and  the  latter  of  the  same  width  at  the  top. 

Among  the  papers  relating  to  the  construction  of  the  road  is  the 
following  memorandum,  connected  with  the  first  line  in  England  intend- 
ed for  general  traffic  : — 

"  The  Liverpool  and  Bianchester  Rail  Boad. 

''Iron  Rail  Road  account  £67,912.0.0. 

''  The  above  expenditure  comprises  the  following  items  :  Rail  for  a  dou- 
ble way  from  Liverpool  to  Manchester,  with  occasional  lines  of  communi* 
cation  and  additional  side  linos  at  the  different  depots,  being  about  35 
miles  of  double  way  =  3,847  tons,  at  prices  averaging  something  less 
than  £12.10.0.  per  ton." 

In  addition  to  the  interest  which  this  memorandum  has  as  a  Btate> 
ment  of  cost,  the  author  would  specially  draw  attention  to  the  use  in  it  of 
the  words  ''  depot"  and  '^  rail  road.''  Their  use  here  makes  ic  probable 
that  these  words  were  common  in  England  at  the  time  in  question, 
although  they  have  been  there  abandoned  and  replaced  by  '^  station  "  and 
«  railway." 

It  would  appear  probable  that  these  terms  were  at  the  same  time  adopt- 
ed in  America,  but,  in  contradistinction  to  the  English  practice,  they  were 
retained  there  just  as  philologists  tell  us  many  words  and  expressions, 
which  are  distinctive  of  New  England  to-day,  are  recollections  of  Puritan 
times,  and  are  not  indigenous  to  the  soil.  Only  the  other  day,  a  review- 
er, writing  on  the  great  American  language,  gave  ^' depot  *'  as  an  adap- 
tation from  the  French  direct  by  the  people  of  America;  but  it  would  seem 
that  the  use  of  that  word  in  the  foregoing  memorandum  points  to  its 
having  had  at  least  a  temporary  resting  place  in  England  on  its  way  to 
America. 

It  may  be  noted  that  in  all  the  papers  connected  with  the  South  Pic- 
tou  road  the  invariable  practice  is  to  speak  of  it  as  a  '*  rail  road,"  never 
as  a  *'  railroad  "  or  ''  railway,"  and  this  spelling  the  writer  has 
retained  in  this  paper. 
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The  road  has,  ad  already  mentioned,  a  gauge  of  4'  8|^'',  as  was  the 
praotioe  in  England  at  the  time  of  its  bnilding.  The  rails  were  of  several 
sections,  of  which  pieces  have  been  sent  to  the  Mnseum  of  the  Society. 
The  earliest  form  was  scalloped  to  sit  in  metal  chairs  spiked  to  sleepers 
placed  3  feet  apart.  The  turnouts  are  made  with  tongues  or  split 
points  of  the  form  now  required  by  the  British  Board  of  Trade,  and  one 
which  has  of  late  grown  more  in  favour  in  America  than  the  facing  points 
ordinarily  seen. 

Locomotives : — The  first  engine  to  run  on  the  road  was  the  Sam- 
son, which  is  still  in  working  order,  and  was  in  use  until  1884.  Tliis 
engine  led  in  the  procession  of  locomotives  at  the  Chicago  exhibition  in 
1883,  and  was  driven  by  (George  Davidson,  who  came  out  with  it  from 
England  in  1838. 

The  John  Buddie  and  the  Hercules  were  imported  at  the  same  time, 
and  were  similarly  constructed ;  thuy  wore  followed  by  the  Albion  and 
Pictou,  which  have  inclined  cylinders  and  tubular  boilers,  and  subse- 
quently in  1853  by  the  Yulcan,  which  has  the  cylinders  placed  hori- 
zontally. 

The  boiler  of  the  John  Buddie  is  now  u^  to  drive  a  stationary 
engine,  and  the  others  are  not  beyond  repair  if  use  could  be  found  for 
them.  The  veteran  Samson  is  waiting  for  a  purchaser*  wiio  will  preserve 
it  as  a  relic  of  past  practice.  It  was  built  by  Timothy  Hackworth  of 
Ijfewcastle,  weighs  16  ton4,  19  cwt.,  0  gr.,  20  lbs.,  and  with  duplicate 
wheels  and  other  parts  cost  £2140  cy. 

The  cylinders  are  15^  "  diameter,  with  a  stroke  of  16  "  and  a  valve 
area  of  2^  sq.  ins.  They  sit  vertically  over  the  hind  driving  wheels,  and 
have  Watt's  parallel  motion  instead  of  crossheads  and  slides.  The 
wheels  are  4'  in  diameter,  six  in  number,  with  a  wheel  base  of  8'  8"  ; 
they  are  made  in  two  pieces,  the  annular  portion  is  kept  in  position 
round  the  central  hub  by  twelve  circular  keys  of  wood. 

The  boiler  with  a  capacity  of  540  gallons  is  54'  in  diameter,  has  a 
length  of  13'  4'',  and  carried  a  pressure  of  60  lbs.  on  the  square  inch. 
It  has  a  single  return  flue  of  f ''  plate,  single  rivetted,  26^"  in  diameter 
round  the  fire,  and  diminishing  to  18"  where  it  enters  the  smoke  box. 
Another  novelty  lies  in  the  exhaust  pipe  paf^sing  from  the  cylinders 
through  the  shell  to  the  smoke  stack.  As  constructed  the  tender  goes 
behind,  and  the  stoker  alone  attends  to  the  firing,  while  the  driver  sits 
in  an  iron  chair  in  front  of  his  engine,  and  has  an  uninterrupted  view 
along  the  line. 

*  Price  asked  |500 
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The  writer,  among  the  notCB  of  his  father,  who  maDaged  tihe  AlhioQ 
Mines  for  the  Gknerul  Mining  Aflsooiation  for  fourteen  years,  finds  a 
earefal  record  of  the  work  done  by  each  locomotive ;  and  betweeo 
the  years  1S40  and  1853,  the  Samson  on  an  average  in  each  year  was 
oat  113  days,  ran  4721  miles  a  year,  and  hauled  21,913  chaldrons  of 
coal,  at  an  average  annual  cost  of  £61  98. 6d.  oy.*  for  repairs,  and 
£227  13s.  2d.  oy.  for  working  expenses. 

Cost  of  material  and  work. — ^The  writer  has  come  across  a  few  items 
of  cost  with  which  material  and  work  of  to-day  may  be  compared,  e.g., 
The  actual  cast  of  earth  cuttings  per  yard  ranged  from  tenpenoe  to  one 
shilling  and  threepence,  62,297  yards  costing  £3247  78.  5d.  In  later 
work  the  rato  paid  was  even  k>wer,  and  down  to  SJd.  per  cubic  yard  for 
levelling  a  coal  floor.  At  the  present  time,  cuttings  through  the  same 
class  of  ground,  stiff  boulder  clay  with  embedded  rocks  and  pebbles, 
could  not  be  made  under  thirty  cents  per  cubic  yard. 

Spruce  ly  and  2"  boards  were  bought  for  22  shillings  per  thousand ; 
hemlock  at  nineteen  and  six  pence. 

Hemlock  logs  not  less  than  15  "  diameter  as  follows : — 
27  logs  36  feet  long  each  at  4s.  6d. 
297    "    25    *'      "      "         3s. 
64    "    24    «      ''      "         2s.l0d. 
667    "    19    "      «      «         2s,  5d. 
1356    "    13    •'      "      "         ls.9d.inall£233  0s.9d. 

Cedar  sleepers  from  Ne^  Brunswick  were  delivered  at  2s.  each  in 
1846,  and  at  from  Is.  9d.  to  2s.  6d.  in  1847. 

Iron  rails,  21,149  yards,  weighed  617  tons  14  cwt.,and  required  258 
tons  2  cwt.  of  metal  chairs  and  35  tons  17  cwt  of  pins  and  wedges. 

As  an  example  of  stone  work  take  the  cost  in  1850  of  a  culvert  4 
feet  in  diameter,  143  feet  long,  under  an  embankment  35  feet  high. 

Finding  and  hauling  stone  9  miles  at 10s.  6d.  per  c.  yd. 

Building  same • 4s.         '<        " 

Face  dressing  inside  of  culvert  and  including  re- 
ducing the  stone  to  the  mould  of  the  arch  18'' 
thick,  stones  V  at  face,  11"  at  backat 12s.  6d.    "     « 

Then  a  retaining  wall  90  feet  long  by  24  feet  high,  7  feet  thick  at 
the  bottom,  and  4  foet  3  inches  wide  at  the  top,  was  built,  the  stone 
found  and  the  face  chisel  dressed  for  12s.  6d.  per  cubic  yard. 

The  writer  has  not  been  able  to  make  out  the  actual  first  cost  of  the 
road,  but  in  afler  years  the  valuation,  inclusive  of  laud  damages  and 
engines,  stood  at  £76,700  Is.  Od. 

*  The  £1  cy.  was  worth  I6s.  stg. 
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The  following,  howeyer,  is  the  estimate  by  Mr.  Grerer  of  the  probaUe 
expense  of  completing  the  Albion  Mines  Bail  Boad,  from  its  oom- 
mencement  at  the  foundry  to  its  termination  at  the  Loading  ground : — 

Currency. 

Excavating  135,980  cubioyards®  Is.  2Jd £8,882  2  6 

21,600  tons  prepared  stones  luidon  @  6s.  6d.  per  ton 7,020  0  0 

10,560  sleepers  @  Is.  3d.  each 660  0  0 

Laying  down  same  and  rails,  etc 660  0  0 

A  bridge  at  Simon  Eraser's  Gove,  stone  abutments,  each  ayer- 

aging  30  ft.  high,  wooden  tops  supported  by  wooden  piers  or 

pier  poles,  etc.,  etc 447  0  0 

A  bridge  across  Oove  Brook,  etc.,  etc 579  0  0 

A  bridge  from  Dunbar's  Point  to  Loading  ground,  one  stone 

abutment,  etc 1693  0  0 

15  bridges  and  passing  places,  stone  abutment**,  wooden   tops, 

averaging  20  ft.  high  and  15  ft.  span,  at  £180  each 2,700  0  0 

Ihrains  and  culverts 800  0  0 

600  tons  iron  rails,  chairs,  etc.,  @  £15  per  ton .9,000  0  0 

32,841  2  6 

Ten  per  cent,  contingencies • 3,234  2  3 

£35,575  4  9 

Having  located  the  line,  the  next  step  was  to  obtain  the  right  of  way, 
and  as  in  tbose  days  there  was  no  Bailway  Act,  it  may  be  of  interest  to 
note  what  proceedings  were  actually  taken. 

First,  application  was  made  to  the  General  Sessions  of  the  county, 
and  then,  in  accordance  with  the  authority  there  obtained,  there  was 
issued  the  following  notice  and  in  due  course  the  Jury's  award  : — 

Notice  is  hereby  given  that  pursuant  to  an  order  of  the  Justices  of  the 
General  Sessions  of  the  Peace  for  the  County  of  Pictou,  dated  the  4th 
day  of  January  instant,  made  upon  the  application  of  the  General 
Miniilg  Association,  which  Association  are  the  sublessees  of  His  Majesty's 
mines  in  the  Province  of  Nova  Scotia,  by  Joseph  Smith,  Esquire,  their 
agent  and  attorney,  a  precept  in  writing  has  been  issued,  directed  to  the 
Sheriff  of  the  county  of  Pictou,  or  his  deputy,  commanding  him  to 
summon  certain  persons  being  freeholders  to  appear  at  the  house  of 
James  Fraser,  innkeeper,  in  the  town  of  New  Glasgow,  on  Tuesday,  the 
4th  day  of  April  next  ensuing,  at  11  o'clock  forenoon,  for  the  purpose 


36  Poole  on  Oldest  Bail  Rood  in  Canada. 

of  laying  out  and  setting  off  within  the  htnds  of  any  person  or  persons 
owning  the  same,  or  in  possession  thereof,  so  mnch  of  the  said  land  as 
may  be  required  for  the  purpose  of  altering  the  line  of  rail  road^  now 
in  nse  at  the  Albion  Mines  on  the  East  River  of  Pictou,  in  the  county 
aforesaid,  the  whole  way  from  the  shafts  or  pits  at  the  said  mines,  down 
the  west  side  .of  the  said  river  to  some  convenient  point  opposite  to 
what  is  generally  called  the  ''  Loading  Ground,"  and  for  assessing  the 
damages  to  the  owner  or  owners,  tenant  or  tenants  of  such  lands, 
according  to  their  several  interests,  for  being  deprived  of  the  use  and 
benefit  thereof;  and  for  the  expense  of  making  fences  or  ditches,  and 
also  for  fixing  and  ascertaining  the  annual  rents  for  the  use  and  occu- 
pation of  the  said  lands,  in  accordance  with  the  laws  of  the  Province  in 
such  case  made  and  provided. 

(Signed,)        Jas.  Minnksteb, 

Clerk  of  the  Seteions. 
Pictou,  January  6th,  1837. 
At  the  house  of  James  Fraser,  Innkeeper,  in  the  Town  of  New  Glasgow, 
this  sixth  day  of  May,  one  thousand  eight  hundred  and  thirty- 
four. 
A  list  or  panel  of  the  names  of  twelve  of  the  freeholders  summoned 
and  in  attendance,  under  and  by  virtue  of  the  precept  hereto  annexed, 
who  on  the  list  of  freeliolders  to  the  said  precept  annexed  being  called 
over  first  appeared  and  answered  thereon,   and  who   were  thereupon 
sworn  by  me  the  subscriber,  John  W.  Harris,  the  deputy  of  John  J. 
Sawyer,  Esquire,  sheriff  uf  the  County  of  Halifax,  as  a  jury  to  the  faith- 
ful discharge  of  the  duties  required  of  them  by  the  laws  of  the  Province, 
touching  the  several  matters  and  things  in  the  said  precept  luentioaed 
and  set  forth  namely : — (Alexander  McDonald  and  others.) 

!  VERDICT  OB  FINDING  OF  THE  ABOVE  JUBT. 

We  whose  names  are  hereto  subscribed,  being  the  jurors  named  in  the 
above  list  or  panel,  do  hereby  certify,  that  being  first  duly  sworn  we 
proceeded  to  the  discharge  of  the  duties  imposed  on  us,  and  bavins; 
traversed  the  line  proposed  by  the  agents  of  the  trustees  of  the  General 
Mining  Association,  as  an  extension  of  the  rail  road  from  the  shafts 
or  pits  at  the  Albion  Mines  on  the  East  River  of  Pictou,  the  whole  way 
from  the  said  shafts  or  pits  down  the  west  side  of  said  river,  to  a  point 
in  said  river  opposite  to  what  is  called  the  loading  ground,  as  shown  to 
us  by  the  said  agents  of  said  trustees,  and  having  heard  all  such  parties 
interested  therein,  as  well  for  as  against  their  several  proofs,  opinions , 
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plans,  estimates  and  suggestions  as  appeared  before  us,  and  having 
again  by  ourselves,  separate  and  apart  from  all  interested  therein,  given 
the  whole  basiness  referred  to  as  our  most  mature  deliberation,  do  say 
thnt  in  our  judgment  it  is  needful  and  requisite  to  extend  the  said  line 
of  rail  road  the  whole  way  from  the  said  shafts  or  pits,  to  a  point  or  place 
in  the  said  East  River  of  Pictou,  opposite  to  the  said  loading  ground, 
that  being  the  nearest  sea  water  navigable  for  loaded  ships  or  vessels 
of  any  size  in  the  said  river  ;  and  that  for  the  purpose  of  so  extending 
the  said  rail  road,  it  is  needful  and  necessary  to  open  and  make  the  same 
across  and  in  front  of  the  lands  lying  on  the  west  side  of  the  said  river, 
between  the  said  shafts  or  pits  and  the  said  loading  ground,  on  the  sev- 
eral courses  as  shown  upon  the  plans  hereunto  annexed,  which  plans  are 
made  and  signed  by  Peter  Orerar,  deputy  land  surveyor  and  civil  engin- 
eer, and  thereupon  for  that  purpose  we  do  hereby  lay  out  and  make  as 
the  same  is  now  marked  and  staked  on  the  ground,  and  shown  upon  the 
said  plan,  through,  over  and  within  the  lands  following,  that  is  to  say, 
commencing  at  or  near  the  foundry,  that  being  a  short  distance  from  the 
said  shafts  and  pits,  and  to  which  place  the  said  rail  road  has  been 
previously  laid  down  and  established  as  we  are  informed,  and 
running  from  thence  through,  over,  and  within  the  lands  now  in  the 
possession  of  the  said  General  Mining  Association,  one  John  Duff,  oae 
William  Fraser  "  Ogg,"  one  William  Blair,  the  widow  and  heirs  of  the 
late  Donald  Smith  deceased,  and  then  again  of  the  said  Association  to 
the  bridge  at  New  Glai^w,  and  passing  under  the  western  end  of  the 
said  bridge,  thence  to  run  through,  over  and  within  the  lands  of  the  said 
Association,  one  Donald  Fraser,  mason,  one  Thomas  Fraser,  one  Edmund 
Walter  Remdell,  one  Donald  McKenzie,  one  William  Mcintosh,  Messrs. 
Simon  James  and  John  Fraser,  again  other  land  of  the  said  Association  ; 
Messrs.  George  and  John  Fraser,  one  William  McRay,  again  more  land 
of  the  said  Association ;  one  Alexander  McDonald,  one  Donald  Fraser^ 
the  widow  and  heirs  of  the  late  Colin  Fraser  deceased,  and  Me.«srs. 
Bobert  and  William  Dunbar,  and  from  the  said  Robert  and  William 
Dunbar's  lands  into  the  said  East  River,  to  a  point  opposite  the  said 
loading  ground,  according  to  the  said  plan,  allowing  for  the  purpose  of 
opening  and  making  the  said  rail  road  so  much  of  the  land  on  each  side 
of  the  said  line  not  exceeding  more  than  five  nor  in  any  case  less  than 
three  rods  in  the  whole  breadth  thereof,  clear  offences  and  ditches,  except 
at  such  places  as  the  said  line  shall  or  may  pass  into  or  out  of  the  waters 
of  the  said  river,  as  may  be  requisite  and  necessary  for  the  formation 
of  a  proper  rail  road,  when  so  extended  as  aforesaid,  and  we  have  assessed 
the  damages  to  be  paid  by  the  said  trustees  of  the  said  AssociaUon  to 
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the  owner  or  owners,  tenant  or  tenants  of  ihe  said  lands,  according  to 
their  several  interests  therein,  or  to  such  other  person  or  persons  as  may 
be  lawfully  entitled  to  reoeive  the  same,  for  being  deprived  of  the  use  and 
benefit  of  such  land,  and  fbr  the  injury  that  may  be  done  thereto,  and  for 
the  expense  which  may  be  imposed  on  them  for  making  fences  or  ditcher, 
for  the  purpose  of  separating  all  the  lands  so  laid  off  as  aforesaid  from 
other  parts  of  the  tracts  of  land,  within  which  the  lands  so  laid  off  are 
contained  as  follows:  that  is  to  say,  for  damages  and  fencing  on  and  over 
the  land  now  in  the  possession  of  the  said  Robert  and  William  Dunbar, 
seventy-three  pounds  ten  shillings,  and  for  the  like,  etc.,  etc.,  all  which 
said  sums  are  to  be  lawful  money  of  Nova  Scotia,  and  to  be  paid  to  the 
person  or  persons  entitled  thereto  as  aforesaid  by  the  said  trustees  of  the 
said  Association,  when  and  so  soon  as  the  said  line  of  railroad  is  com- 
menced and  the  fences  put  up  in  a  lawful  manner. 

And  we  have  also  fixed  and  asoertained  the  annual  rent  for  the  use  and 
occupation  of  the  said  lands,  laid  off  as  aforesaid  as  follows,  that  is  to  say, 
for  so  much  thereof  dear  of  any  fences  or  ditches  aa  shall  be  requisite 
and  necessary  for  the  purpose  of  the  said  rail  road,  when  so  extended  as 
aforesaid,  thesame  to  be  asoertained  by  actual  measurement  by  a  sworn 
depu^  surveyor  of  land  when  the  said  rail  road  is  formed,  which  is  now  in 
poflsession  of  the  said  Itobert  and  William  Dunbar,  etc.,  etc.,  the  an- 
nual rent  of  four  pounds  for  each  and  every  acre  and  so  in  proportion 
for  any  lesser  quantity  that  may  be  requisite,  etc.  (N.B. — ^Other  lots  are  at 
two  pounds,  two  pounds  ten  shillings,  three  pounds,  five  pounds),  which 
said  sums  hereby  fixed  for  rent,  being  also  of  like  lawful  money  as  aforo- 
said,  and  to  be  paid  by  the  said  trustees  in  twelve  months  from  and 
after  the  time  when  ihe  proceedings  had  or  to  be  had  under  the  said  pt-e- 
oept  shall  have  been  confirmed,  and  soon  yearly  and  each  year  thereafter, 
so  long  as  they  continue  to  occupy  the  said  rail  road.  Provided  always 
that  such  owner  or  owners^  tenant  or  tenants,  or  such  other  person  or  per- 
sons entitled  to  receive  such  annual  rent  as  aforesaid,  do  and  shall  from 
time  to  time,  and  at  all  times  hereafter,  so  long  as  the  said  line  so  laid  off 
and  marked  as  aforesaid  shall  be  held  and  occupied  as  aforesaid,  at  his 
or  their  expense,  coet  and  charges,  repair  and  keep  in  repair  all  such 
ftneesashe,  she,  or  they  are  bound  to  put  up  in  OKinner  afgresaid,  and  in 
de&ult  thereof  the  said  Association  shall  be  at  liberty  te  repair  and  keep 
in  repair  all  such  fences,  and  retain  out  of  the  annual  rent  aforesaid  the 
reasonable  expense  and  coet  of  ^  same.  *  *  ^  And  we  have  further 
considered  that  there  shall  be  made  at  the  expense  of  the  said  Associatioui 
either  across  or  under  the  said  rail  road,  when  the  same  is  formed  and  com* 
pleted,  suitable  and  commodioqs  places  for  the  owner  or  owners 
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teiiaDt  or  teDants  respeotivel j  of  the  seTenil  tracts  of  laad  through,  over 
or  within  which  the  said  line  for  the  said  rail  road  has  been  laid  off  and 
marked  as  aforesaid,  to  pass  and  repass  from  one  part  of  the  said  tracts 
of  land  to  the  other,  the  said  passing  places  to  be  in  snch  part  of  the 
said  line  as  will  admit  of  their  being  made  bj  a  bridge  at  least  fourteen 
feet  ahoYC  the  level  of  the  rails  to  be  laid  on  the  said  road,  or  at  such  other 
part  thereof  as  will  admit  of  their  being  made  to  pass  under  the  said 
line  of  rails,  and  to  be  at  least  ten  feet  dear,  at  the  option  of  the  owners, 
of  the  soil  opposite  thereto,  and  in  case  there  shall  not  be  on  any  of  the 
said  tracts  of  land  an  embankment  of  sufficient  height  or  cutting  of  a 
sufficient  depth, to  admit  of  a  passing  place  to  be  made  as  before  described, 
then  there  shall  be  made  as  aforesaid  one  at  such  place  on  the  said  line,  as 
there  shall  be  neither  a  cutting  nor  embankment  of  more  than  three 
feet,  such  place  to  be  pointed  out  by  the  owner  opposite,  and  we  further 
consider  the  number  of  said  passing  places  shall  be  as  follows,  etc. 

In  witness  we  have  hereto  subscribed  our  names  at  the  house  of 
James  Fraser,  Innkeeper,  at  New  G-lasgow,  this  eighth  day  of  May,  one 
thousand  eight  hundred  and  thirty-four,  having  been  three  days  engaged 
in  this  business,  to  us  referred  as  aforesaid,  in  the  presence  of  the  said 
John  W.  Harris,  who  has  subscribed  hb  name  hereto. 

(Signed)     Alex.  McDonald.  William  Wylie. 

^  "■  /^    .  Donald  Mc&ilveray. 

'^^mik  ^°^°  MoDougalL 

John  Adanison.  ^^^^  Lifminoott. 

Peter  McLauchlan.  Jlidward  Patterson. 

Joseph  Trinniman.  ^^  "^JJi^^      . 

Us  John  W.  Hams. 

James  x  Perrin.  Dcpv.  Sheriff, 
mark  ^^ 

From  the  drawing  accompanying  this  paper  Plates  I,  II  and  III 
have  been  prepared. 


DISCUSSION. 

Mr.HMinaford.  Mr.  Poole  18  mistaken  in  stating  that  the  first  locomotive  in  British 
North  America  ran  on  the  Fictou  Goal  Mines  tramway  in  1838. 

The  first  looomotivo  o.^  on  a  railway  in  British  North  America 
was  the  '*  Dorchester  "  on  the  Champlain  and  St.  Lawrence  Railway, 
St.  Johns,  l\  Q.,  to  Laprairie,  sent  out  in  1836,  and  operated  regularly 
in  1837.  This  engine  was  bailt  by  George  Stdphenson  &  Co.,  New-  ' 
castle-on-Tyne,  and  was  used  for  some  years  on  the  Liyerpool  and  >Ian- 
chester  Eailway  before  coming  to  Canada. 

Mr.  Biackweil.  The  ppcaker  believes  that  the  first  locomotive  in  Canada  ran  on  the 
old  Champlain  Road,  and  was  called  the  "  Dorchester."  He  remembers 
the  matter  being  sp^tken  of  while  serving  his  apprenticeship  in  the 
Grand  Trunk  shops  25  years  ago.  He  did  not  know  whether  anyone 
remembered,  but  he  thought  that  the  conception,  plans  and  carrying  out 
of  the  old  Champlain  Road  were  all  prior  to  the  coal  road  In  Nova 
Scotia  now  under  discussion. 

Mr.  McNab.  The  Charter  for  the  Champlain  and  St.  Lawrence  Railway  was  granted 
in  February,  1832.  The  line  was  completed  in  1834.  In  1835  the 
locomotive  '^  Dorchester  '*  was  brought  out  from  England,  as  Mr.  Hanna- 
ford  said,  and  was  running  in  1836.  The  speaker  understood  that  the 
Doi Chester"  was  still  in  existence,  driving  a  sawmill  somewhere  down 
East,  having  been  sold  several  years  ago  for  $300.00. 

Mr.Macdougali  The  practice  in  Britain  of  distinguishing  between  '^ tramways'* 
and  ''  railways  "  is  as  carefully  maintained  at  the  present  day,  as  the 
terms  ^'tramway"  and  << railroad''  were  in  the  earlier  days  of  the 
century. 

Street  railways  are  not  known  in  Britain,  they  are  specially  desig- 
nated street  tramways. 

The  speaker  can  remember  when  the  term  ''  depot "  was  much  more 
commonly  need  than  '^station,"  which  is  now  the  common  term. 
The  expression  railroad  was  dropped  in  the  early  history  of  the  move- 
ment. Many  parliamentary  plans  he  had  seen  of  proposed  lines  early 
in  the  "  forties  "  always  have  railway  on  the  title  of  the  bill. 

Relative  to  the  existence  of  the  veteran  ^'  Sampson,"  he  would  men- 
tion a  curious  conjunction  of  the  past  and  present.    On  the  North 
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British  Railway,  the  passenger,  afler  stepping  out  of  a  train  which 
travelled  at  si^ty  miles  an  hour  for  a  considerable  portion  of  the  dis- 
tance from  Edinburgh  to  Carlisle,  at  Silloth  Junction  stepped  into 
one  of  the  original  horse-coaches  used  on  the  first  railroad  from  Edin- 
burgh— the  Edinburgh  and  Dalkeith — ^and  was  drawn  by  a  horse  for  a 
distance  of  two  miles. 

Mr.  Poole's  paper  is  one  of  great  historical  interest,  and  the  writer  Mr.  Chadwiok. 
regrets  that  he  was  unable  to  be  present  during  the  reading  of  the  paper 
and  the  discussion  which  followed. 

In  the  first  edition  of  ^^  Civil  Engineering  in  North  America,"  by 
David  Stevenson,  published  in  1838,  the  author  makes  a  short  refer- 
ence to  the  ''  Chnmplain  and  St.  Lawrence  Railway  *'  as  the  only  one 
in  Canada  at  that  date,  stating  that  the  line  was  16  miles  long,  and 
was  constructed  of  plate  rails  laid  on  wooden  sleepers.  Two  locomo- 
tives, one  built  in  England  and  the  other  in  the  United  States,  were 
used,  but  the  names  are  not  mentioned. 

In  the  same  work  there  is  a  description  of  what  would  appear  to 
be  the  prototype  of  the  ''  cow-catcher,"  but  which  was  then  called  a 
'^  guard,"  and  it  is  stated  to  have  been  first  used  on  a  short  line,  the 
Quincy  Railway,  Mass.  It  consisted  of  a  sort  of  framing,  attached  to 
the  front  axle  of  the  engine,  from  which  it  sloped  to  within  an  inch  or 
two  of  the  rails,  upon  which  it  ran,  supported  on  a  pair  of  small 
wheels  five  or  six  feet  in  front  of  the  leading  wheels  of  the  looomotiye. 
In  the  Transactions  of  the  American  Society  of  Mechanical  Engineers, 
Vol.  X.,  page  509,  1889,  there  is  a  paper  by  Mr.  D.  W.  Robb,  of 
Amherst,  N.S.,  M.  Am.  Soc.  M.E.,  on  <<  The  Old  Looomotivo 
Sampson."  The  paper  is  illustrated  with  drawings  of  this  interesting  old 
locomotive.  The  plan  of  carrying  the  exhaust  pipe  from  the  cylinder 
inside  the  shell  of  the  boiler  is  very  curious. 


Thursday,  23rd  January,  1890. 

ANNUAL  GENERAL  MEETING. 

COLONEL  C.  S.  GZOWSKI,  President,  in  the  Ohair. 

MORNING   SESSION. 

The  Secretary  having  read  the  notice  conyening  the  meeting,  and 
also  the  minutes  of  the  last  annual  meeting. 

It  was  moved  by  Mr.  John  Kennedy,  seconded  by  Mr.  K.  W.  Black- 
well,  and  resolved : — 

"  That  the  minutes  as  read  be  approved.'' 

The  following  Annual  Report  was  then  read  by  the  Secretary : 

ANNUAL  REPORT. 

In  resigning  its  charge  at  the  expiry  of  another  year,  the  Council 
has  again  much  pleasure  in  reporting  a  year  of  progress. 

BOLL  OF  THE  SOCIETY. 

During  the  past  year  the  membership  of  the  Society  has  steadily 
increased.  The  elections  comprised  seven  honorary  members,  fifteen 
members,  eleven  associate  members,  ^loeit/'^-ei^^  associates,  and  ttoenty- 
three  students,  while  from  various  causes  twentif-nine  have  been  removed 
from  the  list,  the  net  increane  for  the  year  heiui:  fi/tjjf-five. 

The  total  number  on  the  list  at  the  present  date  includes  seven 
honorary  members^  two  hundred  and  sixty-five  members,  one  hundred 
and  two  associate  members,  sixty -two  associates,  ond  one  hundred  and 
fifty-two  students,  or  five  hundred  and  eighty-eight  in  all. 

The  resignations  were : 

Member — J.  J.  Collins, 

Associate  Member — H.  Wilson. 

Associates — John  Taylor,  N.  N.  Evans,  G.  M.  Dawson. 

Students— W.  W.  Bailiairg^,  W.  S.  Belcher,  J.  C.  Bums, 
D.  Cator,  M.  L.  Hersey,  T.  R.  Henderson. 
The  deceases  have  been: 

Members— L.  Lesnge,  E.  E.  Gilbert,  C.  B,  Franks. 

Student— W.  H.  Lough. 

In  this  list  will  be  observed  the  names  of  Mr.  Louis  Lesage  and 
Mr.  E.  E.  Gilbert.  Mr.  Lcsage  was  an  incorporator  of  the  Society, 
and  served  on  the  two  first  councils.     He  was  widely  knewn^  and 
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was  one  of  the  most  respected  engiQeera  in  the  eonntiy.  Mr. 
Oilhert  was  amoDgst  the  earliest  of  the  mechanical  engineers  of 
Canada,  and  was  the  inventor  of  many  valuable  improvements. 
Only  the  other  day,  members  of  the  Society  heard  of  the  death 
of  oar  second  President,  the  late  Samael  Keefer,  who  might  be 
considered  one  of  the  fathers  of  engineering  in  the  Dominion.  In  him 
the  Society  has  lost  an  ardent  supporter  and  well-wiaher.  Still  more 
recently  we  have  received  the  sad  news  of  the  death  of  T.  T.  Yernou 
Smith,  a  pupil  of  Robert  Stephenson's,  and  one  of  the  last  remaining 
links  connecting  our  profession  here  with  the  early  engineers  of  Eng- 
land. These  losses  will  be  severely  felt,  as  the  Society  can  iU  afford 
to  do  without  the  advice  and  support  of  men  of  such  long  experience. 
Their  memoirs  will  appear  in  due  course  in  the  Transactions. 

The  honorary  members  who  have  been  elected  are : — 

His  Excellency  The  fiight  Honourable  Lord  Stanlbt  of  Pbeston, 
G.C.B.,  P.O. 

Sir  John  William  Dawson,  Kt.,  C.M.G.,  LL.D.,  F.K.S. 

Sir  Charles  Augustus  Hartley,  K.O.M.G.,  F.R.S.B. 

Sir  Frederick  Joseph  Bramwell,  Bart, 

Sir  William  Thomson,  F.E.SS.L.&B.,  LL.D. 

Sir  John  Fowler,  Bart, 

Sir  John  Hawkshaw,  F.R.SS.L.&E. 

The  answers  from  the  above  accepting  t^eir  elections  are  herewith 
appended  : — 

Government  House, 
Ottawa,  January  17th,  1889. 
Dear  Sir, 

Allow  me,  in  acknowledging  your  letter,  to  askyoa  to  be  good  enough  to  express 
to  the  President  and  Members  of  the  Society  of  Civil  Engineers  my  high  apprecia- 
tion of  the  compliment  which  they  have  paid  me,  by  proposing  that  I  shall  be  an 
Honorary  Member,  and  my  sense  of  the  honour  of  belonging  to  such  a  distinguished 

body. 

I  remain,  my  dear  Sir, 

Yours  very  faithfully, 


Prof.  H.  T.  Bovey,  M.A., 

Sec.  Can.  Soc.  CJS. 


STANLEY  OF  PRESTON. 


McGiLL  College, 

January  5th,  1889. 


Dear  Prof.  Bovey, 

Kindly  convey  to  the  Canadian  Society  of  Civil  Engineers  my  sincere  thanks 
for  the  honour  they  have  done  me  in  my  election  as  an  Honorary  Member,  and 
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which  I  can  assure  you  I  very  highly  value.  Any  services  that  I  can  render  to 
the  Society  are  merely  those  of  a  voiker  in  collateral  and  educational  matters,  but 
these  I  shall  be  always  ready  to  render. 

Sincerely  yours, 

J.  WM.  DAWSON. 

26  Pall  Mall, 
London,  i8th  April,  1889. 
Dear  Sir, 

I  beg  to  acknowledge  the  receipt  of  your  letter  of  the  5th  inst.,  informing  me 
that,  at  an  ordinary  meeting  of  the  Canadian  Society  of  Civil  Engineers,  I  was 
unanimously  elected  an  Honorary  Member  of  the  Society,  and  calling  my  atten- 
tion to  By-Laws  14  and  19. 

I  beg  to  tender  my  grateful  thanks  to  the  Canadian  Society  of  Civil  Engineers, 
for  the  very  distinguished  honour  they  have  conferred  upon  me  by  unanimously 
electing  me  an  Honorary  Member  of  the  Society. 

I  have  the  honour  to  be, 

Yours  faithfully, 
CHAS.  A.  HARTLEY. 
Henry  T.  Bovey,  Esq., 

Honorary  Secretary. 

S  Great  George  Street, 
Westminster,  S.W.,  21st  June,  1889. 
Dear  Sir, 

I  beg  leave  to  acknowledge  the  receipt  of  your  letter  of  the  3rd  inst.,  in  which 
you  inform  me  that,  at  a  meeting  of  the  Society  on  the  23rd  May,  I  was  unani- 
mously elected  an  Honorary  Member  of  the  Canadian  Society  of  Civil  Engineers. 
I  shall  be  glad  if  you  will  kindly  convey  my  best  thanks  for  the  honour  which 
the  Society  has  thus  done  me,  and  say  that  I  have  great  pleasure  in  accepting 

the  election. 

I  am,  dear  Sir, 

Yours  truly, 

FREDERICK  BRAMWELL. 
Prof.  Bovey,  M.A.,  Hon.  Sec. 

The  University,  Glasgow, 

June  15th,  1889. 
Dear  Mr.  Bovey, 

I  have  to-day  in  London  received  your  letter  of  the  3rd,  announcing  that  I  have 
been  elected  an  Honorary  Member  of  the  Canadian  Society  of  Civil  Engineers, 
and  I  write  to  you  in  reply  to  ask  you  to  communicate  to  the  Society  my  hearty 
thanks  for  the  honour  it  has  done  me,  and  to  say  that  I  accept  the  appointment 
with  much  pleasure.     Believe  me, 

Yours  very  truly, 

WILLIAM  THOMSON. 
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2  Queen  Square  Place, 
Westminster,  Dec.  2nd,  1889. 
Dear  Sir, 

I  have  received  your  letter  of  the  15th  November,  conveying  to  me  the  grati- 
fying intelligence  that  the  Canadian  Society  of  Engineers  have  unanimously 
elected  me  an  Honorary  Member  of  the  Society. 

I  beg  you  to  communicate  to  the  Society  my  appreciation  of  the  high  distinc- 
tion they  have  conferred  upon  me. 

Yours  very  truly, 

JOHN  FOWLER. 
H.  T.  BovEY,  Esq. 

Belgrave  Mansions,  S.W., 

Dec.  2nd,  1889. 
Dear  Sir, 

I  have  to  acknowledge  the  receipt  of  your  letter  of  the  1 8th  ult.,  informing  me 
that  the  Canadian  Society  of  Civil  Engineers  had  elected  me  an  Honorary  Mem- 
ber of  the  Society. 

I  beg  to  return  my  thanks  for  the  honour  that  has  been  conferred  upon  me, 
which  I  assure  you  I  greatly  appreciate. 

I  am,  dear  Sir, 

Yours  very  truly, 

JOHN  HAWKSHAW. 
Prof.  Bovey,  M.A., 

Sec.  Can.  Soc.  CE. 


The  CouDcil  again  feels  it  an  imperatiye  datj  to  direct  the  attention 
of  members  to  the  qualifications  required  for  admission  into  the  several 
classes.  As  regards  the  Student  class,  it  is  considered  that  a  candidate 
should  have  a  good  general  education.  He  should  be  able  to  express 
himself  clearly  and  grammatically,  should  have  a  knowledge  of  elemen- 
tary mathematics  and  mechanics,  in  fact  should  be  capable  of  under- 
going an  examination  equivalent  to  that  required  for  the  matriculation 
into  the  Arts  or  Science  Department  of  a  University,  as  specified 
in  the  By-Laws. 

The  qualifications  for  admission  into  the  classes  of  Members  and 
Associate  Members  are  still  more  important,  and  should  be  rigidly 
exacted.  Corporate  members,  before  attaching  their  signatures  to  a 
form  of  application  for  admission  into  the  Society,  should  make  it  a  rule 
to  verify  the  accuracy  of  the  statement  of  the  candidate's  professional 
career,  and  should  further  satisfy  themselves  that,  if  admitted,  he 
would  prove  a  fit  and  proper  member  of  the  Society.  This  is  especially 
necessary,  as,  in  many  cases,  the  applicant  is  personally  unknown  to 
the  members  of  Council.     It  would  also  greatly  aid  the  Council  in 
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ooming  to  a  deoisioo,  if  the  proposers  would,  io  every  ecue,  commnni- 
cate,  through  the  Secretary,  their  views  as  to  the  proper  classification 
of  the  candidate. 

A  careful  adherence  to  these  principles  will  do  much  to  maintain  that 
high  standard  which  esprit  de  corps  and  patriotism  alike  demand 
shonld  he  jealouslj  guarded  in  a  national  society. 

The  same  motiye  which  leads  to  the  exclusion  of  ineligihle  applicants 
will  induce  memhers  to  take  erery  method  to  secure  men  who  will  be 
worthy  of  the  Society,  and  who  will  be  likely  to  contribute  to  its  per- 
manent advancement.  There  seems  to  be  ample  opportunity  for  this 
kind  of  effort,  in  filling  the  ranks  of  the  clasft  of  Associaten,  which  offers 
a  means  of  gaining  the  co-operation  of  men  distinguished  in  the  kindred 
sciences,  or  interested  directly  or  indirectly  in  the  deyelopment  of  the 
material  resources  of  the  country . 

BRANCHES. 

The  Council  notes  with  much  satisfaction  that  a  branch  has  been 
established  in  the  City  of  Toronto.  This  result  has  been  largely  due  to 
the  efforts  of  Mr.  A.  Macdougall,  who,  from  the  first,  has  taken  a  deep 
and  practical  interest  in  the  welfare  of  the  Society.  It  is  greatly  to  be 
desired  that  the  example  of  Toronto  should  be  speedily  followed  in 
other  leading  centres,  as  the  discussiou  of  the  various  papers  at  such 
centres  will  much  enhance  the  value  of  the  Transactions,  while  the 
holding  of  meeti  ngs  will  necessarily  call  out  more  practical  interest  in 
the  working  of  the  Society. 

The  Council  is  also  still  convinced  of  the  truth  of  the  principle 
which  led  the  original  framers  of  the  constitution  to  provide  for  the 
establishment  of  branches,  viz.,  that  the  national  character  of  the  Society 
would  be  best  preserved  by  giving  it  a  local  hold  in  different  parts  of  the 
Dominion. 

ANNUAL  MSETINO. 

The  Tliird  Annual  Meeting  was  held  on  the  17th  January,  1889. 
The  morning  session  was  devoted  to  the  transaction  of  the  business  of 
the  Society,  and  in  the  afternoon  the  retiring  President,  the  late  Samuel 
Keefer,  delivered  an  address  on  the  Progress  of  Hydraulic  and  Rail- 
way Engineering,  referring  also  to  the  present  condition  of  Electrical 
and  Sanitary  Engineering. 

As  in  previous  years,  the  Annual  Meeting  was  concluded  by  a  con- 
versazione held  at  McGill  College.  The  Society  was  honoured  by  the 
presence  of  His  Excellency  the  Right  Honourable  Lord  Stanley  of 
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Preston,  to  whom  an  address  waa  presented  by  the  President,  Colonel 
Giowski,  A.D.G.,  in  the  name  of  the  Society. 
A  large  number  of  guests  were  entertained  on  this  oocasion. 

ORDINARY  MRETIN08. 

During  the  year  1889,  sixteen  ordinary  meetings  of  the  Society  hare 
been  held,  at  whi(»h  the  following  papers  were  read  : 

On  **  The  Panama  Canal,"  by  E.  Deniel;  on  "  Cantilever  Bridges," 
by  C.  F.  Findlay ;  on  '*  The  Development  of  the  Locomotive,"  by  the 
late  T.  T.  Vernon  Smith;  on  **  Work -shops,  their  Design  and  Con- 
struction," by  J.  Davis  Barnett ;  on  "  The  Colonial  Government  Dry 
Dock,  St.  John's,  Newfoundland,"  by  H.  C.  Burchell;  on  "The 
Esquimalt  Graving  Dock  Works,  B.C.,"  by  W.  Bennett ;  on  "  Bridge 
Calculations,"  by  H.  E.  Vautelet;  on  "The  Design  and  Construction 
of  the  Avon  Bridge  (N  S.),"  by  R.  F.  Uniacke;  on  "The  Cornwall 
Canal,"  by  the  late  S.  Keefer  j  and  on  the  "  Vancouver  Water  Works," 
by  H.  B.  Smith. 

The  discussions  have  been  animated  and  well  sustained,  but  there 
is  always  room  for  improvement  in  this  direction.  The  Council  cannot 
too  often  remind  members  that  their  duty  to  the  Society  requires  them 
to  contribute  any  informution  they  may  possess  on  the  subjects  under 
consideration. 

students'  meetings. 

There  have  been  four  studen.ts'  meetings,  at  which  papers  were  read 
on  **  Locomotive  Construction,"  by  J.  P.  Tuplin,  B.A.So. ;  on  the 
"  Grand  Trunk  Ry.  Double  Track,"  by  A.  W.  Strong,  B.A.  Sc. ;  and  on 
"  Wood  Fibre  for  Paper-making,"  by  F.  A.  Bowman. 

Of  these,  Mr.  Tuplin's  Paper  and  Mr.  Bowman's  Paper  have  been 
considered  by  the  Council  worthy  of  record  in  the  Transactions. 

ACOOMHODATION. 

During  the  past  year,  the  meetings  of  the  Society  have  again  been 
held  in  rooms  at  McGill  College,  for  the  use  of  which  the  Society  is 
much  indebted  to  the  Board  of  Governors.  The  Council,  however,  has 
long  considered  that  the  growing  requirements  of  the  Society,  and  the 
need  of  a  library,  in  which  the  books  could  be  consulted  with  conven- 
ience, rendered  it  most  desirable  that  the  Society  should  possess  rooms 
of  its  own.  This  has  now  been  ma<ie  possible  through  the  liberality 
of  your  President,  Colonel  Gzowski,  and  the  Council  has  there- 
fore secured  tiie  lease  of  the  first  floor  of  the  new  Bank  of  Montreal 
building,  at  the  corner  of  St.  Catherine  and  Mansfield  streets,  for  a 
term  of  five  years.     It  will  be  observed  that  the  rooms  are  in  a  good 
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central  position,  and  it  is  hoped  that  the  natural  result  will  bean 
increased  attendance  at  the  regular  meetings. 

It  is  expected  that  the  rooms  will  be  ready  by  the  Ist  of  May,  and 
that  sach  arrangements  will  haye  then  been  completed  as  will  make 
them  at  all  times  available  for  the  use  of  members. 

LIBRART. 

A  number  of  donations  to  the  Library  ha^e  been  received,  and  of 
especial  value  are : 

Fifteen  volumes  of  various  works  on  Engineering,  from  Colonel 
Gzowski,  President. 

A  complete  set  of  the  Tenth  Census  of  the  United  States,  consisting 
of  thirty-four  volumes,  through  your  President,  from  the  U.  S.  Gov- 
ernment. 

Eight  volumes  of  Van  Nostrand's  Magazine  (186^1-76),  and  seven 
volumes  of  Reports  of  Commissioners  of  Public  Works  and  Public 
Works  Eeports  (1844-1870),  from  the  late  Samuel  Keefer. 

Volumes  I.  to  VII.  of  the  Transactions  of  the  American  Society  of 
Mechanical  Kngineers,  from  the  Council  of  the  Sociity. 

JVine  volumes  oi  Specifications  of  Government  Buildings,  alphabeti- 
cally arranged,  from  G.  F.  Baillairg^,  E^q.,  Member  of  Council. 

Mr.  Buillairg^'s  donation  is  to  be  supplemented  at  an  early  date  by 
additional  volumes  of  specifications  relating  toHurborsand  other  works. 

The  collections  are  in  bound  volumes,  and  have  been  carefully  arranged 
to  meet  the  requirements  of  the  engineer,  to  whom  they  will  prove  of 
the  utmost  value  for  purposes  of  reference. 

The  Council  has  also  much  pleasure  in  stating  that  your  President 
has  given  a  further  proof  of  iiis  interest  in  the  Society,  by  intimating  his 
intention  of  presenting  to  the  Library  a  valuable  collection  of  engineer- 
ing works,  as  soon  as  the  rooms  shall  be  ready  for  iheir  reception. 

Donations  to  the  Library  have  also  been  received  from  Messrs.  H. 
Wallis,  F.  R.  F.  Brown,  H.  F.  Perley,  C.  Schreiber,  John  Kennedy, 
M.  Murphy,  C.  M.  Odell,  J.  B.  Francis  (of  Lowell),  W.  McNab, 
B.  Hering,  8.  Fortier,  E.  P.  Cooke,  G.  Lindenthal,  etc. 

Exchanges  of  publications,  in  addition  to  those  previously  announced, 
have  been  arranged  with  each  of  the  following  Societies  :— 

The  Society  of  Civil  Engineers,  Paris,  France. 

The  Liverpool  £n<j:ineering  Society,  Liverpool,  England. 

The  Manchester  Association  of  Engineers,   Manchester,  England. 

The  Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Barnsley,  England. 
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The  North-East  Coast  Institution  of  Engineers  and  Shiphuilders 
Newcastle-on-Tyne,  England. 

The  Royal  United  Service  Institution,  London,  England. 

Another  donation  of  historic  interest  has  hecn  presented  to  the 
Society  hy  the  late  Samuel  Keefer,  viz.,  a  painting  of  the  Suspension, 
Bridge,  which  he  designed  and  erected  at  Niagara. 

It  is  also  of  interest  to  note  that  Mr.  Keefer  huilt  the  first  suspen- 
sion  bridge  on  this  continent,  over  the  Chaudi^re  at  Ottawa. 

The  Society  is  also  fortunate  in  possessing  large  portraits  of  its 
Presidents,  and  it  is  hoped  that  future  Presidents  will  be  able  to  leave 
the  Society  like  pleasant  mementos. 

BUILDING   FUND. 

The  Building  Committee  reports  that,  in  response  to  the  two 
appeals  made  to  the  members  of  the  Society  for  aid  to  the  Building 
Fund,  it  has  received  subscriptions  to  the  amount  of  |3,323.00,  as 
per  annexed  list.  This  amount  has  been  contributed  by  37  members, 
13  associate  members,  1  associate,  and  21  students.  From  these  sta- 
tisucs  it  is  evident  that  the  Society,  as  a  body,  has,  so  far,  taken  little 
interest  in  the  movement.  It  is,  however,  very  satisfactory  to  find  that 
so  high  an  average  as  $46.20  per  subscribing  member  has  been  reached. 
Had  all  the  members  contributed  in  like  proportion,  the  Building  Fund 
would  now  have  amounted  to  not  less  than  $25,000.  Members  should 
bear  in  mind  that  no  entrance  fee  is  required  on  admission  into  our 
Society,  so  that  an  extra  effort  is  necessary  to  meet  emergencies  such 
as  the  present. 

Your  President,  Colonel  Gzowski,  has  generously  given  $300.00 
a  year,  for  five  years,  towards  the  rental  of  rooms  for  the  Society, 
but  the  Building  Committee  feels  that  no  time  should  be  lost  and 
no  efforts  spared  in  raising  the  sum  required  for  the  purchase  of  a 
site  and  the  erection  of  a  building,  so  as  to  give  a  more  permanent  basis 
to  the  Society. 

New  subscription  lists  will  be  immediately  issued  to  all  who  have  not 
yet  subscribed,  and  the  Committee  hopes,  at  the  end  of  the  present 
year,  to  report  that  there  is  no  one  on  the  rolls  of  the  Society  who 
has  not  done  something  towards  aiding  in  a  work  so  important  to  its 
well-being.  finances. 

The  income  for  the  year  ended  on  31st  Deoember,  1889,  amounted 
to  $3629.92,  and  the  general  expenditure  reached  $3075.95,  leaving 
a  balance  of  $553.97,  which,  together  with  the  balance  of  $1948.92 
brought  forward  from  the  year  1888,  gives  a  total  balance  of  $2502.89 
to  be  carried  forward. 
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recapitulation. 

Members 2206  00 

Associate  Members 314  00 

Associates 500  00 

Students 303  00 


$3323  00 


It  was  moved  by  Colonel  Gzowski,  seconded  by  Mr.  P.  A.  Peter8on> 
and  resolved : — 
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"  That  the  Report  of  the  Council  be  received,  approved  and  printed 
in  the  Transactions/' 

It  was  moved  by  Mr.  John  Kennedy,  seconded  by  Mr.  L.  A. 
Valine,  and  resolved  : — 

''  That  the  Society  has  learned  with  the  deepest  r^ret  of  the 
death  of  its  past  President,  Samnel  Keefer,  in  whom  it  has  lost  an 
ardent  friend  and  supporter,  and  that  the  members  of  the  Society 
desire  to  convey  to  his  widow  and  relatives  their  sincere  sympathy  with 
them  in  their  bereavement,  and  their  hearty  appreciation  of  the  work  of 
Mr.  Keefer  during  a  long,  active  and  useful  life." 

The  Secretary  next  read  the  following  resolution  from  the  Branch 
at  Toronto  : — 

Resolution  adopted  by  Toronto  Branch  at  meeting  9th  January, 
1890. 

^*  That  this  branch  desires  to  express  its  sorrow  on  learning  of  the 
death  of  our  late  President,  Mr.  Samuel  Keefer,  to  whom  the  Society 
is  greatly  indebted  for  his  services  as  President  and  his  contributions 
to  the  Proceedings  of  the  Society. 

**  Mr.  Keefer,  during  his  long  and  honourable  career  of  over  half  a 
century,  had,  at  various  times,  carried  out  several  of  the  largest  public 
works  of  the  Dominion,  which  stand  as  monuments  to  his  memory  and 
engineering  skill,  and  this  branch  desires  to  send  a  message  of  sym- 
pathy to  the  parent  society  on  the  loss  we  have  all  sustained." 

It  was  moved  by  Prof.  McLeod,  seconded  by  Mr.  K.  W.  Blackwell, 
and  resolved : — 

'^  That  the  scrutineers  of  the  ballot  for  the  election  of  officers  and 
members  of  Council  be  Instructed  to  prepare  their  report '  in  such  a 
manner  as  to  be  able,  in  the  event  of  amendment  d  to  by-law  7  being 
carried,  to  give  the  information  required  by  said  amendment." 

Letters  having  been  read  by  the  Secretary  from  Messrs.  John  Page 
and  C.  Sproatt,  signifying  the  wish  of  these  gentlemen  to  withdraw 
their  names  from  nomination  on  the  Ballot  Lists  for  the  election  of 
officers  and  members  of  Council  for  the  year  1890, 

It  was  moved  by  Mr.  E.  P.  Hannaford,  seconded  by  Mr.  P.  A. 
Peterson,  and  resolved : — 

''  That  the  scrutineers  of  the  ballot  for  the  election  of  the  officers 
and  members  of  Council  be  instructed  to  make  no  returns  as  to  Messrs. 
John  Page  and  C.  Sproatt." 

Upon  the  instructions  of  the  President,  the  following  legal  opinion 
had  been  obtained  and  was  read  by  the  President : — 
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23rd  January,  1890. 
Hrnry  T.  Bovey,  Enq., 

Sec.  Can.  Soc.  C.  E. 
Dear  Sir, 
The  case  submitted  for  our  opinion  we  understand  to  be  as  follows : 
The  nominating  committee  of  the  Canadian  Society  of  Civil  Engineers, 
acting  under  the  authority  of  by-law  No.  6,  issued  to  the  members  a  lif>t, 
Mr.  Page  being  nominated  by  them  as  President.    Mr.  Page  has  since  noti- 
fied the  committee  that  be  withdraws  his  acceptance  of  such  nomination. 
In  view  of  the  probability  of  there  being  no  ballot  cast  for  any  other  person 
as  Pre^^ident,  you  denire  to  know  what  course  of  action  the  Society  should 
follow  in  order  to  a  valid  election  of  a  President  at  the  annual  meeting  of 
the  Society  to  be  held  to-day. 
We  should  suggest  either  of  the  following  courses  of  action : 

1.  The  sealed  letter  ballots  are,  we  think,  by  the  terms  of  the  by-laws 
under  the  control  of  the  respective  members  (owners  thereof )  of  the  Society, 
until  they  are  in  the  hands  of  the  officer  or  scrutineer  appointed  at  the 
meeting  to  open  them.  We  would  suggest  that  certain  of  these  ballot 
papers  be  withdrawn,  and  the  names  of  one  or  more  members  eligible  for 
election  to  the  office  of  President  be  substituted  for  that  of  Mr.  Page  on  such 
ballot  papers.  This  can  be  legally  done,  the  nomination  list  being  simply 
for  guidance  and  not  exclusive. 

It  being  made  known  to  the  meeting  before  the  sealed  letter  ballots  are 
opened  that  Mr.  Page  has  withdrawn  his  acceptance  of  nomination  as  pre- 
sident, the  votes  cast  for  him  would  be  inoperative,  and  th^  choice  of  candi- 
dates would  then  be  limited  to  these  candidates  having  the  greatest  numt)e;r 
of  votes,  and  the  voting  upon  such  candidates  could  then  be  proceeded  with 
in  the  usual  way  in  terms  of  by-law  No.  7. 

2.  If  the  remedy  above  suggested  is  not  availed  of  by  further  nomination, 
than  that  of  Mr.  Page,  we  are  of  opinion  that,  as  the  by-laws  do  not  provide 
any  legal  solution  of  the  difficulty,  the  members  of  the  Society  may  proceed 
to  ballot  for,  and  elect,  any  member  eligible  for  the  position  of  president  in 
the  usual  way  without  reference  to  the  by-law,  and  such  election  will  be 
legal. 

We  remain,  yours  truly, 

Robertson,  Fleet  &  Falconer. 

The  meeting  haying  resolved  to  adopt  the  course  recommended  by 
the  above  opinion,  the  corporate  members  withdrew  their  ballots  and 
returned  them,  afler  having  made  such  alteration  therein  as  seemdd 
advisable  to  the  several  voters. 

It  was  moved  by  Mr.  P.  W.  St.  GFeorge,  seoonded  by  Mr.  W.  E, 
Gower,  and  resolved  : — 

"  That  Messrs.  C.  H.  MoLeod,  J.  M.  Shanly,  H.  Irwin,  G.  H. 
Du^an,  0.  Leprohon  and  C.  B.  Reed  be  scrutineers  of  the  ballot 
for  the  election  of  officers  and  members  of  Council  for  the  year  1890.'' 
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It  was  moved  bj  Mr.  P.  A.  Peterson,  seconded  by  Mr.  H.  D.  Lams- 
end,  and  resolved : — 

"  That  Messrs.  A.  P.  Low,  W.  Whited,  and  E.  A.  Stone  be  scm- 
tineers  of  the  ballot  for  the  amendments  to  the  By-Laws." 

The  following  were  balloted  for  and  elected  the  Nominating  Com- 
mittee for  the  year  1890 : 

F.  L.  Wanklyn,  Montreal. 

G.  Schreibir,  Ottawa. 
A.  Macdoogall,  Toronto. 
M.  Murphy,  Halifax. 

P.  Summerfield,  Victoria,  B.  C. 
T.  C.  Keefer,  Past  President,  Ottawa. 
The  following  Report  of  the  Committee,  anent  the  Summer  Conven- 
tion, was  read  by  the   Secretary  of  the  said   Committee,   Mr.  W. 

McNab  :— 

Montreal,  22ud  January  1890. 
Prof.  H.  T.  Bovkt, 

Sec.  Can.  Soc.  C.  E., 

Montreal. 

Be  Proposed  Summer  Convention. 
Dear  SiB| 

I  have  much  pleasure  in  enclosing  you  the  Report  of  the  Summer  Con- 
vention Committee,  and  in  attaching  a  letter  from  Mr.  Alan  Macdougall 
of  Toronto,  dated  Jan.  II th. 

I  may  add  that  of  the  opinions  received  from  members  of  the  Society  in 
regard  to  location  for  a  Convention 

67  per  cent,  were  in  fiivour  of  Toronto, 
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faithfully, 

W.  MoNAB, 

Secy,  to  Committee. 
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30  Adelaide  Street  East,  Toronto, 

11th  January,  1890. 
Be  Can.  Soc.  G.  E.  Summer  CooveotioD. 

W.  McNab,  Esq,,  C.  E., 

G.  T.  Bj.,  Montreal. 
Dear  Sir, 

The  following  resolution  was  passed  oo  the  9th  : — 

That  this  branch  do  now  invite  the  members  of  the  Society  to  meet  in 
TorontO)  not  later  than  the  third  week  in  June  of  this  year,  and  hold  their 
Convention  in  this  city  under  the  auspices  of  this  branch. 

I  have  much  pleasure  in  f)erK>nally  indorsing  this.  When  you  bring  it 
before  the  Society,  say  that  June  is  in  every  way  the  best  month  for  the 
Society  to  come  here.  I  have  had  to  arrange  for  the  visits  of  British  Asso. 
ciation,  American  Public  Association  and  American  Association  for  the 
Advancement  of  Science,  all  of  which  took  place  in  the  end  of  August  and 
first  week  of  September,  and  it  has  been  very  hard  work  to  *^  do"  the  thing 
properly.  In  the  early  part  of  June  everybody  is  in  town,  and  visitors  will 
be  much  better  entertained. 

Faithfully  yours, 
(Signed),  ALAN  MACDOUGALL. 

Montreal,  22nd  January,  1890. 

To  TBE  COUKOIL  AND  MEMBERS  OF  THE  CANADIAN  SoCIBTT  OF  CiVIL  ENGINEERS: 

Your  Committee,  appointed  at  the  regular  meeting  of  the  Society  held  on, 
the  6th  ult.  to  take  into  consideration,  and  report  at  the  Annual  Meeting 
upon  the  advisability  of  holding  a  Summer  Convention,  and  to  make  recom- 
mendations as  to  tinie,  place,  etc.,  beg  to  submit  the  result  of  their  deliber- 
ations and  enquiries  as  follows : — 

1st.  That  in  order  to  promote  closer  professional  relations  and  more  inti- 
mate personal  acquaintance  amongst  the  members,  resident  and  non-resident 
and  to  more  largely  extend  the  influence  and  sphere  of  the  Society,  a  Summer 
Convention  should  be  held. 

2nd.  That  in  regard  to  the  tim€  of  the  year  for  holding  such,  the  third  or 
fourth  week  in  June  is  recommended  as  the  most  suitable. 

3rd.  That  the  first  Convention  should  be  held  in  Toronto,  that  city  affording 
special  advantages,  and  being  more  centrally  situated,  besides  having  a 
branch  of  the  Society  already  established  there ;  but  that  the  time  and  place 
of  subsequent  Conventions  should  either  be  determined  by  a  vote  of  the 
members  at  the  Annual  Meeting  immediately  preceding  it,  or  arranged  by 
^he  Council  with  reference  to  the  convenience  of  members  connected  with 
the  place  selected. 

4th.  That  the  Presidential  Address  be  not  made  a  feature  of  the  Con- 
vention,  but  reserved,  as  at  present  for  the  Annual  Meeting.    It  is  recom- 

ended,  however,  that  short  papers  might  be  prepared  specially  for  the  occa- 
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eion,  read  and  discussed,  and  vieita  of  the  Societv  be  made  to  such  points  of 
engineering   or  Rcientific  interest  as  exifli  in  the  section  of  the    country 
where  the  Convention  may  be  held. 
The  whole  respectfully  submitted. 

I  John  Kennedy,  Chainnan. 
Alan  Macdougall. 
W.  P.  AiiderFon. 
W.  McUa  Walbank. 
F.  Came. 
G.  A.  Mountain. 
W.  McNab,  Secretary. 

It  was  moved  by  Mr.  R.  Snrtees,  aeeonded  by  Mr.  P.  W.  St.  George, 
and  resolved : — 

'*  That  the  Report  of  the  Committee  sDent  the  Summer  Convention 
be  received  and  adopted,  and  thai  the  Council  be  requested  to  take  the 
necessary  steps  to  carry  out  the  recommendations  therein  contained." 

Notice  was  given  of  the  following  proposed  amendment  to  By-Law 
6:— 

Line  7. — Strike  out  the  words  "  who  are  neither  elective  officers  nor 
candidates  for  office.'* 

Proposed  by  W.  L.  Scott,  G.  H.  Garden,  W.  Skaife,  H.  D.Lumsden, 
P.  A.  Peterson,  P.  W.  St.  Gjorge,  R.  Forsyth,  John  Kennedy,  St 
George  Boswell,  W.  J.  Sproule. 

The  scrntineers  of  the  ballot  for  the  amendments  to  By-Laws 
reported  as  follows : — 

(a)  By-Law  6,  line  13,  etc. — Instead  of  "  The  list  shall  contain 
twenty-six  names,"  read,  ^^  The  list  shall  contain  at  le:ist  twenty-six 
names."  Carried  by  76  per  cent, 

^  (6)  By-Law  6,  line  16,  etc. — ^Following  "  nineteen  for  councillors,"  insert 
"  It  shall  be  the  duty  of  the  nominating  committee  to  accept  as  nomi- 
nated for  any  office,  any  eligible  candidate  whose  name  is  submitted 
on  or  before  October  30th  with  his  consent,  by  five  or  more  members  ;*' 
nnd  instead  of  ^*  such  names  shall  be  forwarded  to  the  Council,"  read. 
'^  all  names  nominated  shall  be  forwarded  to  the  Council." 

Carried  by  75  per  cent 

(c)  By-Law  6,  line  21. — Instead  of  "The  nomination  list  shall  be 
signed  by  a  majority  of  the  nominating  committee,"  read  "  The  list 
of  names  nominated  by  the  nominating  committee  shall  be  signed  by 
a  majority  of  that  committee.  Carried  by  91  per  cent. 

(d)  By-Law  7. — Following  the  words  "declared  at  the  An^nal 
Meeting,"  add  "and  the  report  of  the  scrutineers  shall  give  all  names 
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that  have  received  five  or  more  votes  and  the  namber  of  votes  cast  for 
each."  Carried  by  67  per  cetU. 

(e)  By-Law  38,  line  9. — After  the  words  "  31st  December  preced- 
ing/' add  "  also  a  list  of  the  meetings  held  by  the  Council,  and  the 
names  of  those  present  at  each  meeting."  Carried  by  1^  per  cent. 

(J)  By-Law  16. — Instead  of  the  last  paragraph  commencing  "  In 
every  case"  and  ending  "works,"  substitute  "In  every  case  the  can- 
didate must  have  held  a  position  of  professional  responsibility  for  at 
least  two  years."  Carried  by  90  per  cmt, 

(g)  By-Law  21,  line  10.— After  ** promoted,"  insert  "This  stat^ 
ment  shall  not  be  required  from  Associates."     Carried  by  87  per  cent. 

The  scrutineers  of  the  ballot  for  the  election  of  officers  and  members 
of  Council  for  the  year  1890  reported  that  the  following  had  been  duly 
elected  as : — 

Preeident, 
Casimir  S.  Gaowski  (re'eleeted)^  Toronto. 
Vice-Presidents^ 
Edmund  P.  Uannaford,  Montreal. 
John  Kennedy,  Montreal. 
Henry  F.  Parley,  Ottawa. 
Treasurer. 
Herbert  Wallis. 
Secretary. 
Henry  T.  Bovey,  M.A.,  F.R.S.O.,  Montreal. 
Librarian, 
Francis  Chadwick,  Montreal. 
Members  Hff  Oouncil. 


William  P.  Anderson,  Ottawa. 
John  D.  Barnett,  Stratford. 
Kennet  W.  Blackwell,  Montreal. 
Francis  R.  F.  Brown,  Montreal. 
Charles  B.  W.  Dodwell,  Montreal 
William  T.  Jennings,  Toronto. 
George  A.  Keefer,  Vancouver,  B.C. 


Edmund  Wragge,  Toronto. 

s 


H.  G.  0.  Ketchum,  Amherst,  N.S. 
George  H.  Massy,  Montreal. 
Thomas  Munro,  Coteau  Landing, 
Peter  A.  Peterson,  Montreal. 
Henry  N.  Ruttan,  Winnipeg. 
Percival  W.  St.  George,  Montreal. 
Sir  Jos.  W.  Trutch,  Victoria,  B.C. 
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It  was  moTed  by  Mr.  J.  H.  Taylor,  seocmded  by  Mr.  £.  SuteeSy 
and  resolved : 

''  That  the  thanks  of  the  meeting  be  tendered  to  the  scrutineers,  for 
the  able  manner  in  which  they  hare  performed  the  dnUes  entrusted  to 
them,  and  that  the  ballot  papers  be  destroyed." 

It  was  moved  by  Mr.  £.  P.  Hannaford,  seconded  by  Mr.  F.  B.  F. 
Brown,  and  resolved : — 

''  That  the  meeting  grants  the  Council  power  to  incur  the  necessaty 
expenses  of  rental,  to  enable  the  new  rooms  of  the  Society  to  be  fur- 
nished and  the  Library  to  be  properly  catalogued,  together  with  Uie 
expense  required  to  make  provisions  for  such  attendance  at  the  rooms 
as  will  render  them  available  to  members." 

The  meeting  then  adjourned  until  three  o'clock. 

AFTERNOON   SESSION. 

At  three  o'clock  the  meeting  reassembled  in  the  Lecture  Hall  of  the 
Peter  Eedpath  Museum,  and  Colonel  Gzowski,  President,  delivered 
the  Annual  Address. 

At  the  conclusion  of  the  Address  it  was  moved  by  His  Excellency 
the  Right  Honorable  Lord  Stanley  of  Preston,  seconded  by  Sir  William 
Dawson,  and  unanimously  resolved  : — 

'^  That  the  best  thanks  of  the  Society  be  presented  to  our  President, 
Colonel  Gxowski,  for  his  untiring  efforts  in  the  interests  of  the  Society 
during  the  past  year,  for  the  practical  aid  he  has  generously  given 
towards  its  establishment  on  a  firm  foundation,  and  for  the  very  able 
and  interesting  Address  he  has  this  day  delivered." 

It  was  moved  by  Mr.  H.  D.  Lumsden,  seconded  by  Mr.  J.  S.  Arm- 
strong, and  resolved : — 

"  That  the  thanks  of  the  Society  be  presented  to  Mr.  Herbert  Wallis 
for  bis  services  as  Treasurer  during  the  year  1889." 

It  was  moved  by  Mr.  St.  O.  Boswell,  seconded  by  Mr.  A.  J.  Lawson, 
and  resolved: — 

'<  That  the  thanks  of  the  Society  be  presented  to  Prof.  Bovey  for  his 
services  as  Secretary  during  the  year  1889." 

It  was  moved  by  Mr.  J.  H.  Taylor,  seconded  by  Mr.  J.  £.  Tanier, 
and  resolved : — 

<*  That  the  thanks  of  the  Society  be  presented  to  Mr.  Franeis  Chad- 
wick  for  his  services  as  Librarian  during  the  year  1889." 

Messrs.  Wallis,  Bovey  and  Chadwick  made  appropriate  replies, 
thanking  the  Society  for  its  expressions  of  approval. 

On  the  motion  of  Mr.  Hannaford,  seconded  by  Mr.  Kennedy,  a  oor- 
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dial  YOte  of  thanks  was  presented  to  His  Ezeellencj  Lord  Stanley,  for 
having  consented  to  be  present  at  the  Society  dinner  on  the  23rd  inst. 
and  at  the  delivery  of  the  President's  Address. 

The  President,  in  closing  the  proceedings,  thanked  Sir  William 
Dawson  for  the  kindness  he  had  shewn  the  Society  in  giving  it  a  home 
in  McGiU  University  daring  the  last  three  years. 

The  meeting  was  then  adjourned. 


PItESn>BNT*S  ADDBEBS. 


The  eetabliflhed  oustom  of  the  Society  being  for  the  retiring  Prcsi* 
dent  to  deliyer  an  Address,  I  shall  make  an  effort  to  follow  the  example 
of  my  predecessors.  Before  entering  npon  the  subjects  to  which  I 
hope  to  secure  your  brief  attention,  I  must  express  my  grateful 
appreciation  of  the  cordial  manner  in  which  I  was  offered  the  highest 
position  in  the  gift  of  the  Society,  and  my  warmest  thanks  for  the 
unanimity  with  which  you  called  od  me  to  preside  over  it.  The  pro- 
gress of  the  Society  since  its  recent  organization  has  been  very  ^ratify- 
ing.  The  1^11  of  Members,  as  you  will  have  obserred  from  the  report 
of  the  CouncU,  is  as  follows : — 

Honorary  Members 7 

Members •«• 265 

Associate  Members 102 

Associates 62 

Students 152 

588 


A  number  of  original,  interesting,  and  valuable  papers  on  Engineer- 
ing subjects  have  been  read  and  discussed  at  the  regular  meetings, 
which  have  been  fairly  attended.  As  this  has  all  been  achieved  in  the 
first  three  years  of  the  life  of  our  Society,  I  submit  that  it  furnishes 
unquestionable  and  encouraging  evidence  of  its  usefulness  and  popu- 
larity. Our  Honorary  Members  are  all  men  of  such  marked  distinc- 
tion as  to  do  honour  to  the  Society.  The  first  who  accepted  election 
was  his  Excellency  Lord  Stanky  of  Preston,  G.  C.  B.,  Governor 
General  of  the  Dominion  of  Canada.  His  Excellency's  acceptance  of 
Honorary  Membership  of  our  Society  is  a  valuable  and  gratifying 
compliment  to,  and  affords  evidence  of  appreciation  of,  the  Engineering 
profession.  The  next  was  Sir  William  Dawson,  C.  M.  G.,  the  learned 
President  of  McGill  University,  to  wi.om  the  Society  is  under  great 
obligations  for  the  generous  hospitality  he  extended  by  giving  our 
Members  a  home  within  the  Univ<  rsity  Buildings,  which  proved  a 
great  advantage  in  the  formative  period  of  the  Society's  existence. 
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As  tbose  Honorary  Mieiiiliara  wlio  belong  to  oar  Profession  have  all 
joined  our  ranks  since  my  aooession  to  tlie  office  of  President,  I  may  ba 
permitted  to  pake  a  brief  xe&rence  to  their  record  and  distinctions. 

Sir  Frederick  Bramwell,  besides  bis  eminent  talents  as  an  engineer, 
bas  won  unrivalled  fame  from  bis  faonlty  for  tecbnical  exposition, 
combined  with  oratorical  powers  of  iUustration-^he  is  indeed  one  of 
tbe  brightest  lights  of  the  Pmfeflsion. 

Sir  Oharles  Hartley,  tihe  distiagnished hydraulic  engineer,  is  famoua 
not  only  in  England,  but  on  the  continent  of  Europe,  having  been 
selected  by  England,  Austria,  and  Russia  to  act  as  chief  engineer  ou 
the  Commission  for  the  improvement  of  the  navigation  of  the  Biver 
Danube. 

Sir  John  Fowler's  name  is  honourably  familiar  to  the  Profession  as 
tbat  of  the  designer  of  many  important  and  difficult  engineering  worka, 
•  more  especially  the  one  approaching  completion— >the  great  Bridge  over 
tiie  Forth.  This  unique  and  magnificent  monument  of  scientific  geniua 
and  engineering  talent,  daring,  and  skill  has  carried  the  art  of  span* 
aing  wide  spaces  much  further  than  wfts  her6tofi;>re  conceived  as  prao* 
^able. 

Sir  John  Hawkshaw  is  one  of  the  oldest  and  most  eminent  members 
on  the  roll  of  the  Mother  Society.  The  Severn  Tunnel,  just  completed, 
bears  striking  evidence  of  his  great  engineering  skill.  It  is  well  ex- 
pressed in  the  dedication  to  him  of  the  kte  Mr.  Walker's  book  on  the 
Tunnel  in  the  words,  "  To  Six  John  Hawkshaw's  professional  skill  and 
indomitable  perseverance,  the  Severn  Tunnel  will  ever  remain  a  las^ 
mg  monument" 

I  must  not  pass  by  the  name  of  Sir  William  Thomson,  whe  enjoys  a 
norld-wide  reputation  as  an  eminent  scientist.  He  is  especially  famous 
iS  the  electrician  by  whose  exhaustive  experiments  the  exact  measure 
of  electric  power  was  arrived  at,  which  enabled  the  submarine  cablet 
to  be  as  effective  as  they  now  are.  Indeed  we  owe  to  his  researches  and 
skill  the  marvellous  facility  for  ahupst  instantaneous  communication 
enjoyed  with  all  parts  of  the  world.  The  Society  has  every  reason  to 
he  congratulated  upon,  and  take  pride  in,  the  representatives  of 
Engineering  talent  on  her  roll  of  Honorary  Members. 

The  Addresses  of  my  two  predecessors  have  so  exhaustively  treated 
the  different  branches  of  the  Profession  with  re&rence  to  men  and  the 
l^orks  with  which  they  were  associated  in  Canada,  that  I  find  it  diffi^ 
fnilt  to  say  anything  new  and  interesting  about  them,  for  although 
Canada  has  not  ceased  to  make  progress,  nor  her  Engineers  to  design 
and  carry  out  works  which  evidence  their  ability,  one  or  two  years  if 
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too  short  a  measure  of  time  to  aUow  of  safficient  development  of  new 
projects  for  the  text  of  an  Address,  or  any  extended  notioe  of  snch 
enterprises.  At  a  meeting  of  the  British  Association  last  year,  after 
being  introduced  by  Sir  Henry  Roscoe  and  inducted  into  the  Presi- 
dent's Chair,  Sir  Frederick  Bramwell  commenced  his  brilliant  address 
by  saying:  '^  The  late  Lord  Iddesleii^h  delighted  an  audience  for  a 
whole  evening  by  an  address  on  *  Nothing.'  Would  that  I  had  the 
talents  and  could  discourse  to  you  as  charmingly  as  he  did  to  his 
audience,  but  I  dare  not  try  to  talk  about  ^  Nothing '."  In  the  same 
spirit  I  may  say :  "  Would  that  I  had  the  literary  gifts  of  Sir  Fred- 
erick, and  could  discourse  to  you  as  charmingly  as  he  did  to  the 
British  Association." 

But  lacking  those  powers  for  which  he  is  so  famed,  I  will  ask  your 
indulgence  while  I  offer  some  observations,  first,  upon  a  work  of  consi- 
derable magnitude,  to  which  my  predecessor,  the  late  Mr.  Samuel 
Keefer,  made  a  very  brief  allusion  in  his  Address, — ^I  refer  to  the 
Railway  Tunnel  under  the  Biver  St.  Clair.  That  interesting  work 
was  then  in  but  a  very  early  stage  of  progress.  Since  that  time  it  has 
advanced  very  rapidly.  This  tunnel  is  the  first  important  engineering 
work  of  that  description  in  Canada.  It  contains  some  novel  features 
of  much  interest  to  our  Profession. 

The  work  is  in  charge  of,  and  is  carried  on  by  a  Canadian  engineer, 
who  is  a  Member  of  our  Society,  Mr.  Joseph  Hobson,  Chief  Engineer 
of  the  Great  Western  Division  of  the  Grand  Trunk  Railway.  The 
Tunnel  under  the  River  St.  Clair  is  designed  to  connect  the  Grand 
Trunk  Railway  system  in  Canada  with  that  portion  of  its  organisation 
which  is  in  the  United  States,  extending  as  far  as  Chicago.  The 
object  of  the  tunnel  is  to  do  away  with  the  necessity  of  the  present 
costly  ferry  for  passengers  and  freight  at  Point  Edward,  at  the  foot  of 
Lake  Huron,  which  during  the  winter  occasions  much  delay  from 
accumulations  of  ice.  The  organization  under  which  the  undertaking 
is  carried  on  is  a  chartered  company  under  the  laws  of  the  State  of 
Michigan  and  of  the  Dominion  of  Canada. 

About  the  year  1884  Mr.  Walter  Shanly,  a  member  of  our  Society, 
reported  upon  the  project.  He  recommended  locating  it  below  Samia, 
very  near  the  spot  where  the  tunnel  is  now  being  constructed,  but  he 
made  no  survey.  Under  instructions  from  Sir  Joseph  Hickson,  the 
President  of  the  Tunnel  Company,  Mr.  Hobson  made  the  necessary 
survey  in  1884,  and  finally  located  the  line  along  which  the  tunnel  is 
now  being  driven.  An  arrangement  was  made  by  the  Tunnel  Com- 
pany with  the  well-known  Engi  cot,  Ucueral  William  Soy  Smith, 
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drive  a  temporary  adit  as  a  trial  to  ascertain  the  nature  and  quality 
of  the  material  likely  to  he  encountered,  especially  under  the  Biyer  St. 
Glair.  This  adit  had  only  heen  partially  carried  out  when  a  flow  of 
gas  was  met,  which  caused  the  work  to  he  abandoned.  The  Tunnel 
Company  suhsequently  decided  to  carry  out  the  work  themseWes  under 
the  direction  of  their  Engineer,  Mr.  Hohson. 

Learning  of  the  decision  to  drive  a  full-sized  tunnel  for  a  single  line 
of  rails,  work  for  which  was  to  be  commenced  and  pursued  at  both 
ends,  and  that  the  tunnel  was  to  be  lined  with  cast-iron  flanged  plates, 
a  novel  mode  of  lining  in  America,  and  only  used  in  two  tunnels  of 
small  dimensions  in  England,  I  decided  to  personally  examine  the 
work.  I  waited,  however,  until  it  was  sufficiently  advanced  to  enable 
me  to  see  it  in  full  operation.  Having  visited  the  tunnel,  it  occurred 
to  me  that  an  account  of  the  progress  already  made,  with  other  parti- 
culars in  connection  with  this  large  work,  would  be  of  interest. 

The  total  length  of  the  tunnel  with  approaches  will  be  2  miles  and 
1145  feet.  The  length,  from  face  to  face  of  the  portals,  is  6.000  feet. 
The  depth  of  open  cutting  at  the  East  or  Canadian  side  of  the  tunnel 
is  62  feet;  at  the  West,  or  United  States  end,  52  feet.  The  length  of 
that  part  which  is  under  water  will  be  2310  feet,  with  a  gradient  to 
the  West  rising  one  foot  in  one  thousand.  The  greatest  depth  of  the 
Biver  St.  Glair  on  the  line  of  the  tunnel  is  forty  and  one  half  feet. 
The  minimum  thickness  of  the  roof  is  16  feet.  The  bottom  of  the 
tunnel  is  about  10  feet  above  the  rock  underlying  the  clay.  This  has 
been  ascertained  by  very  accurate  soundings  and  borings  taken  near 
the  line  of  the  tunnel  at  each  20  feet.  It  may  be  well  to  say  that  the 
flow  of  gas  was  found  immediately  above  the  rock,  indicating  that  its 
source  was  in  or  below  that  strata,  the  gas  escaping  through  fissures 
in  the  rock.  Locating  the  bottom  of  the  tunnel  above  the  rock,  and 
yet  securing  sufficient  thickness  of  material  to  support  the  roof,  was  in 
order  to  avoid  meeting  with  gas. 

The  material  through  which  the  tunnel  is  driven  is  clay,  with  pockets 
of  wet  sand  and  gravel.  Large  boulders  are  occasionally  encountered. 
The  clay  varies  in  quality,  changing  from  hard  to  soft  so  abruptly,  that 
one  side  of  the  shield  works  sometimes  in  hardpan  while  the  other  side 
is  in  material  of  the  consistency  of  putty,  so  soft  as  to  flow  under  the 
pressure  of  the  superincumbent  weight.  The  borings  that  have  been 
made  in  the  bed  of  the  river  parallel  to  the  axis  of  the  tunnel  indicate 
that  the  material  as  described  will  be  found  throughout.  The  tunnel 
in  cross  section  is  circular  with  an  inside  diameter  of  19  feet  10  inches. 
It  is  a  circular  tube,  lined  throughout  with  flanged  plates  of  cast-iron 
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two  inches  tliiok,  five  feet  looi?,  bolted  togetiier.  The  ends  of  these 
plates  are  planed  to  make  a  close  joint^  and  before  being  used  they  are 
heated  and  soaked  in  tar.  The  lower  half  of  the  lining  is  enoased  oat- 
side  in  three  inches  of  groat,  formed  of  the  best  Portland  oement  and 
ooarse  sharp  sand.  Holes  are  made  in  the  upper  part  of  eaoh  plate 
through  which  the  grout  u  poured  in.  Under  the  rirer  the  whole  of 
the  outside  of  the  cast-iron  lining  will  be  covered  in  this  way. 

In  the  prosecution  of  the  work  an  iron  shield  is  used,  under  the  pro- 
tection of  which  the  ezcavation  is  carried  on  and  the  oast-iron  lining 
is  put  together.  The  shield  is  jast  large  enough  to  endose  the  casir 
iron  lining,  and  as  the  ezoaTation  in  front  of  it  is  adyanoed,  it  is  moved 
forward  just  far  enough  to  put  together  one  section  of  the  tunnel 
lining.  As  the  width  of  these  sections  or  rings  is  only  18  inches,  and 
as  the  rear  portion  of  the  shield  which  encloses  the  lining  overlaps  it  39 
inches,  ih&  forward  end  of  the  lining  is  always  within  the  shield.  To 
ensure  safety  as  far  as  possible  in  the  event  of  a  sudden  strong  flow  of 
quicksand  or  water,  an  iron  diaphragm  or  bulkhead  is  built  across  the 
shield  48  inches  from  the  rear  of  it,  with  two  sliding  dears  which  can 
at  once  be  closed.  To  give  an  intelligible  defoidption  of  the  shield 
would  require  drawings,  but  it  may  be  said  that  it  differs  in  many 
respects  from  Barlow's,  Greathead's  and  Beaohe's  shields,  the  con- 
struction of  each  having  been  carefully  examined.  It  is  made  entirely 
of  steel,  its  weight  being  about  80  tons. 

Close  to  its  cirouniferenoe,  and  just  outside  the  outer  shell  of  the  shieki, 
there  are  placed  24  hydraulic  jacks,  so  that  the  rams  ean  be  worked 
against  the  finished  iron  lining  of  the  tunnel  when  the  shield  has  to  be 
moved  forward.  These  rams  are  operated  by  steam  fbroe  pomps,  and 
can  be  used  singly,  in  groups,  or  altogether.  The  cooks  oontroUing 
them  are  so  plaoed  that  one  man  can  work  12  of  them  without  ehang- 
iBg  his  position.  The  aggregate  power  of  the  24  jacks  in  the  shield  is 
3,000  tons,  which  is  immensely  in  excess  of  what  is  required  to  move  itw 
But  it  has  been  found  during  the  progress  of  the  work  that^  when  a 
nodule  of  extremely  hard  material  is  met  with,  the  work  has  to  be  done 
by  a  small  group  of  jacks  at  the  point  where  the  hard  clay  is  enoouu- 
tered.  Although,  as  I  have  already  said,  the  shield  differs  materiallj 
from  all  other  shields,  its  circular  form  and  mode  of  propulsion  by  jacks 
is  common  to  other  shields.  An  ingenious  arrangement  is  provided,  to 
show  whether  the  position  of  the  shield  is  maintained  in  the  direct  lias 
of  the  tunnel.  Deviation  from  the  right  line  is  ascertained  by  measurer 
ment,  and  is  marked  on  a  diagram  prepared  for  this  purpose,  which  is 
kept  as  a  record.    One  of  these  measurements  for  record  is  made  dailjy 
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after  placing  the  last  sectioa  of  the  liniiig  lor  Ijiat  day's  work.  Any 
deviation  is  corrected  next  day  by  working  the  shield  to  the  right  or 
left,  lifting  it  or  lowering  it  as  may  be  necessary.  Thus  fttr,  the  devia- 
tions have  been  very  trifling,  not  exceeding  two  inches  in  any  direction* 
The  average  rate  of  progress  at  the  two  ends  of  the  tunnel  hi^for  some 
lime  been  15  feet  per  day  of  24  hours.  The  rate  is  wholly  dependent 
upon  the  character  of  the  material  met  with.  On  a  face  of  twenty-one 
and  a  half  feet  in  diameter,  the  size  of  the  shield,  only  16  men  can 
excavate  at  a  time.  The  removal  of  the  clay,  after  it  is  cut  out,  as 
well  as  putting  in  the  lining,  appears  to  be  done  without  any  difficulty 
or  delay.  The  men  have  already  become  so  expert  in  l^c  work  of 
excavation,  as  well  as  in  placing  together  the  cast-iron  segments  form- 
ing the  lining,  that,  under  ordinary  circumstances,  they  can  complete  a 
full  ring  in  one  hour,  sometimes  in  a  less  period.  I  found  the  tunnel 
quite  dry.  Provision  is  made  during  construction  to  catch  the  rain 
water  that  falls  into  the  open  cutting  at  each'  end  of  the  tunnel,  into 
weUs  at  the  portals,  from  whence  it  is  pumped  by  steam  power  into 
channels  at  tiie  top  of  the  slopes.  It  is  also  thoroughly  ventilated. 
Fresh  air  is  supplied  by  blowers  with  a  capacity  of  600,000  feet  of  air 
per  hour. 

The  total  length  on  both  sides  of  the  river  of  the  completed  tunnel  to 
the  22nd  of  January  ia  2006  feet,  in  Canada  844  feet,  in  the  United 
States  1162  feet.  In  a  work  of  this  character  it  is  very  difficult  to 
make  a  reliable  estimate  of  cost  at  so  early  a  stage  of  progress,  but  it 
is  believed  that  the  cost  of  the  tunnel  completed  with  approaches  and 
permanent  way  will  be  about  $2,500,000.  Future  difficulties,  parti- 
cularly under  the  river  from  gas  and  water,  also  the  system  of  ventila- 
tion, have  been  very  carefully  considered,  and  provision  is  made  to 
meet  them.  The  time  named  for  the  completion  of  the  tunnel  is  July, 
1891. 

In  the  Address  of  my  predecessor,  the  kte  Samuel  Keefer,  a  short 
reference  is  made  by  him  to  the  great  cantilever  bridge  across  the 
Forth,  constructed  by  Sir  John  Fowler  and  Mr.  Benjamin  Baker. 
Having  been  engaged  in  the  construction  of  an  important  railway  bridge 
across  the  Niagara  Biver,  the  International  Bridge,  more  especially  in 
tiie  treatment  of  sub-aqueous  foundations,  where  I  made  a  novel  use  of 
well-known  appliances,  anchors  and  chains,  in  accurately  locating 
and  founding  the  caissons  for  piers,  I  became  very  much  interested 
in  the  construction  of  the  Forth  Bridge.  That  gigantic  monument 
of  engineering  skiU,  which  has  upset  all  former  theories  on  the  di» 
menaionsof  rigid  spans  fer  bridges,  deserves,  I  think,  a  more  extended 
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notice  to  be  placed  among  the  records  of  our  Society.  With  that  object 
in  view  I  obtained  from  Mr.  Baker  information  with  permission  to  use  it, 
which  enables  me  to  giye  a  brief  account,  free  from  technicalities, 
of  this  great  work,  that  may  prove  interesting  and  instmctive. 

The  bridge  across  the  Frith  of  Forth  is  at  this  date  a  bridge 
with  the  largest  spans  in  the  world.  Its  total  length  is  7098  feet 
6  inches,  made  of  two  spans,  each  1700  feet  in  the  clear,  the  remain- 
ing distance  is  covered  by  iron  lattice  girders  on  stone  piers.  Its 
construction  was  the  outcome  of  railway  competition.  The  Frith  of 
Forth  at  Edinburgh  being  from  one  to  five  miles  wide  blocks  the  direct 
line  of  the  East  Coast  railways.  Traffic  must  either  be  diverted  many 
miles,  or  cross  the  stream  in  ferry  boats.  The  Forth  Bridge  will  make  the 
line  of  which  it  forms  a  part  continuous.  Its  construction  was  long 
delayed,  owing  to  the  great  width  and  depth  of  the  Forth.  It  is  not 
easy  to  realize  how  vast  is  the  difference  between  a  bridge  with  a  1700 
Ai.  span  and  the  largest  span  of  a  railway  bridge  hitherto  constructed. 
The  height  of  the  steel  work  is  also  exceptionally  great,  being  equal  to 
that  of  the  golden  cross  at  St.  Paul's,  360  feet,  whDe  the  total  height  of 
the  bridge  is  just  equal  to  that  of  the  Great  Pyramid,  460  feet.  As 
regards  the  principle  of  design,  "  Cantilever  ''  is  a  200  year  old  term 
for  a  ^^  Bracket,"  and  the  Forth  Bridge  spans  are  made  up  of  two 
brackets  and  a  connecting  girder.  On  these  brackets  there  is  a  hori- 
Bontalpull  of  10,000  tons,  and  on  their  bases  rests  a  weight  of  100,000 
tons.  The  principle  of  bracket  and  girder  construction  is  as  old  as  the 
hills,  as  it  lends  itself  particularly  to  timber  construction,  which  pre- 
ceded masonry.  A  wooden  bridge  built  230  years  ago  in  Thibet,  with 
a  span  of  182  feet,  was  the  true  prototype  of  the  Forth  Bridge,  which 
only  became  possible  when  Bessemer  steel  was  invented.  One  of  the 
advantages  of  the  cantilever  system  is  facility  and  safety  of  erection, 
as  such  bridges  can  be  built  by  commencing  at  the  piers  and  adding 
successive  bays  of  the  cantilever  right  and  left  until  the  whole  is  com- 
pleted. There  is  thus  no  moment  when  the  safety  of  the  whole  struc- 
ture is  dependent  upon  the  integrity  of  some  temporary  staging. 
At  first  glance  one  might  think  that  a  cantilever  or  bracket  was  not 
adapted  to  carry  great  weights  or  for  long  spans.  But  in  long  spans  the 
dead  weight  of  the  structure  itself  is  the  most  important  element,  and 
since  a  bracket  requires  to  be  the  strongest  at  the  root,  and  lightened 
out  towards  the  point,  it  follows  that  the  main  weight  of  the  cantilever 
lies  towards  the  support  and  acts  at  a  relatively  small  leverage.  The 
cantilevers  or  brackets  of  the  Forth  Bridge  are  enormously  strong.  Mr. 
Baker  says  that  half  a  dosen  iron-clads  might  be  hung  upon  them. 
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The  works  of  the  bridge  were  commenoed  in  1883.  Hr.  Arrol,  of 
Glasgow,  was  the  oontraotor.  A  start  was  made  wiih  the  pier  work 
simultaneously  with  ihe  erection  of  shops  and  machinery  for  the  manu« 
facture  of  the  superstructure.  Each  main  pier  consists  of  a  group  of  4 
cylindrical  masonry  piers  about  70  feet  diameter.  These  are  founded 
on  rock  or  hard  boulder  clay  at  depths  ranging  up  to  90  feet  below  high 
water.  Six  of  the  cylindrical  piers  were  put  in  place  by  the  use  of 
compressed  air.  The  piers  were  floated  into  position  by  building  them 
hollow  in  the  first  instance,  and  filling  them  with  solid  masonry  subse- 
quently. The  whole  was  enclosed  in  a  bottom  placed  about  7  feet 
above  the  external  cylindrical  skin,  so  that  a  huge  diving  bell,  70  feet 
in  diameter  and  7  feet  high,  constitutes  the  bottom  of  each  pier.  When 
in  position  the  water  was  driven  out  of  the  chambers  by  forcing  in  com- 
pressed air.  Workmen  then  entered  through  air-locks,  and  carried  on 
the  excavation  90  feet  below  the  waters  of  the  Forth. 

Mr.  Baker  describes  the  fixing  of  one  of  the  piers  thus : — ''  A  huge 
iron  caisson,  70  feet  in  diameter  and  about  50  to  60  feet  high,  was  built 
on  launching  ways  like  a  ship.     The  bottom  of  the  caisson  was  set  up 
7  feet  above  the  cutting  edge,  and  so  constituted  a  chamber  70  feet  in 
diameter  and  7  feet  high,  capable  of  being  pumped  full  of  compressed 
air."      The  iron  work  weighed  about  500  tons,  and  when  towed  out 
into  position  the  concrete  and  brick  work  added  brought  the  total  weight 
up  to  2700  tons.     Additional  concrete  was  then  filled  in,  and  when  the 
weight  reached  3300  tons,  the  caisson  grounded  on  the  sea  bottom,  where 
a  bed  had  been  prepared  for  it  with  sand  bags.      The  workmen  then 
entered  through  air  locks,  and  the  excavation  work  proceeded  in  an 
electrically  lighted  chamber.     The  barometer  is  considered  high  at  31 
inches,  but  in  the  working  chamber  it  often  stood  at  72.     It  may  be 
interesting  to  remark  that  when  Coxwell,  the  aeronaut,  made  his  high 
ascent,  the  barometer  fell  to  7},  or  about  one-tenth  of  the  height  named, 
which  iUustrates  how  marvellously  the  human  body  is  adapted  to  sus- 
tain wide  variations  of  atmospheric  pressure.     The  superstructure  of 
this  gigantic  bridge  required  the  manufacture  on  the  spot  of  50,000 
tons  of  steel  girders  and  other  work.     As  a  rule  the  campresnon  mem- 
bers consist  of  tubes,  and  the  fevmon  members  of  lattice  girders ;  and 
this  arrangement  from  an  architectural  point  of  view  proved  most  effec- 
tive.    The  central  connecting  girder  was  erected  in  two  halves  tempo- 
rarily connected  with  the  projecting  ends  of  the  cantilevers.     The  bot- 
tom members  of  the  two  halves,  at  the  centre  of  the  1700  ft.  span,  had 
large  holes  bored  m  them,  for  the  insertion  of  pins  to  connect  the  two 
projecting  halves  of  the  bridge,  each  of  course  850  feet  long.      These 
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boles  had  to  be  watched  so  as  to  seiie  the  right  moment  when  the  vaiy- 
ing  temperatare  and  oonseqnent  expansion  of  the  steel  brought  then^ 
opposite  each  other,  so  that  the  pins  could  be  dropped  in.  The  next 
thing  was  to  release  the  tem^tary  ties  holding  the  top  members  of  the 
central  girder  to  the  cantilever.  These  were  steel  bars  tknee  feet  wide 
and  two  inches  thick  ;  to  out  through  such  section  of  steel  would  have 
taken  a  long  time.  Mr.  Arrol,  the  oontiactor,  arranged  portable  oU 
ftirnaces  by  which  the  ties  could  l^  made  white  hot  in  a  sliori  time, 
and  so  the  strain  on  the  tiea  was  relieved  aa  effectually  as  by  cutting 
them.  Mr.  Baker  admits  that  the  cost  of  the  bridge  exceeded  the, 
estimates.  He  claims  that  this  was  not  an  exceptional  thiuL^  and 
says  that  if  such  a  bridge  had  to  be  built  again,  time  and  money  might 
both  be  saved.  It  b  expected  that  traina  will  begin  to  run  over  th€i 
bridge  in  March  next.  Before  concluding  a  reference  to  this  great 
bridge,  I  may  add  that  last  year  a  charter  was  granted  for  a  280Q 
ibet  span  bridge  at  New  York. 

This  year,  Messrs.  Schneider  &  Company  of  Greusot,  in  conferenoe 
with  Sir  John  Fowler  and  Mr.  Baker,  as  consulting  engineers,  hav^. 
designed  the  steel  work  of  a  bridge  over  the  BTiglish  channel,  an<i 
Messrs.  Hersent&  Co.,  of  Suez  and  Panama  Canal  fame,  have  designedi 
the  piers.  The  total  length  of  the  projected  bridge  is  24  miles,  th^ 
number  of  piers  12Q,  the  width  of  the  openings  from  328  to  1640  feet, 
the  clear  headway  for  ships  180  feet,  the  greatest  depth  of  water  180 
feet,  and  the  height  from  the  foundations  to  the  top  of  the  steel  work 
600  feet.  It  is  calculated  that  a  trifle  less  than  a  million  tons  of  stee) 
would  be  required  for  this  stupendous  structure.  The  estimated  coat 
of  the  bridge  is  £34,000,0€i0  sterling;^ 

The  Forth  Bridge  is  not  only  a  lasting  monument  to  the  designem 
and  constructors,  but  verifies  and  most  forcibly  illustrates  the  fitneas 
of  the  motto  adopted  for  the  profession  of  civil  engineer :  ^'  Wherebj^ 
the  great  sources  of  power  in  nature  are  converted,  adapted,  and 
applied  for  the  use  and  convenience  of  Man.'' 

SLXCTBIOAL  lUHOIISKX&INa. 

Electricity  as  a  science  and  electrical  engineering  are  making  ver^^ 
rapid  progress  to  control  that  wonderful  power  in  nature,  for  the  use 
and  convenience  of  man,  which  was  so  graphically  described  by  Mr* 
Thomas  Keefer,  in  his  address  to  the  Society,  as  ^^  that  force  like 
steam,  and  like  it  chiefly  known  by  its  effects ;  its  range  is  universal  ix^ 
the  heavens  above  and  the  earth  beneath,  and  apparently  in  all  thinga 
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iiVing,  in  all  animal  and  TegetaUe  life."  It  is  not  my  intention  to 
enlarge  at  present  on  the  numerons  im|nro¥enients  in  the  prodaotioik 
«nd  nse  of  electricity  for  giTing  light  and  motive  power.  But  it  may 
he  of  interest  to  know  that  its  use  as  a  motive  power  is  being  very 
Tapidly  developed.  One  of  the  early  practical  satisfactory  results  of 
electrical  power  transmission  was  at  Virginia  City,  Nevada,  on  the 
celebrated  mining  property,  ''The  Oomsto^  Lode,"  where  water 
power  from  streams  in  the  Sierra  Nevada  Mountains  was  found  to  be 
insufficient  to  work  the  stamp  mills.  A  tunnel  is  driven  into  the 
mountain  to  a  point  at  which  a  chamber  is  excavated  out  of  solid 
porphyry,  for  the  reception  of  dynamo  electric  generators  and  water 
wheels.  This  chamber  is  50  feet  long,  25  feet  wide,  and  about  12  feet 
Ugh.  From  the  tank  above  the  tunnel  at  an  elevation  of  1650  feet, 
odntainiug  waste  surface  water,  two  wrought-iron  pipes  are  led  to  this 
chambc^r  which  supply  water  to  wheels  that  drive  the  large  dynamo 
Henerators,  each  of  130  horse  power  capacity,  with  sufficient  numbers 
tx£  them  to  generate  in  the  aggregate  800  horse  power  which  is 
transmitted  to  the  stamp  mills,  and  by  this  means  tibey  are  doubled  in 
number,  and  worked  at  70  per  cent,  lees  coat. 

As  Chairman  of  the  Commissioners  of  the  Victoria  Niagara  Falls 
Park,  I  am  in  negotiation  for  tlie  use  of  Niagara  Falls  to  generate 
electricity  in  sufficient  quantity  «nd  power  to  be  transmitted  to  Buffalo, 
'Lockport,  Rochester,  Hamilton  and  Toronto,  there  to  be  used  as  a 
motive  power  for  working  stationary  engines  at  a  greatly  reduced  cost 
.per  horse  power.     The  project  is  to  drive  a  tunnel  under  the  Falls  at  a 
point  about  165  feet  below  the  upper  level  of  the  river,  and  at  its  ter- 
mination excavate  a  large  chamber  for  placing  water  wheels  and  dyna- 
mos.    The  supply  of  water  to  be' from  ;^es  leading  into  the  tunnel, 
with  a  fall  of  about  160  feet.  That  an  almost  untlimited  electric  power 
can  be  generated  by  the  use  of  Niagara  Falls  is  not  doubted.     The 
transmission  of  that  power  to  contemplated  distances  in  an  effective 
form  is  maintained  by  some  deotrioal  experts  as  quite  practicable ; 
there  are  others  again  who  place  a  much  shorter  limit  to  the  power  of 
transmission.     However  that  may  result^  there  can  be  no  doubt  that 
the  science  of  electricity  and  its  uses  is  stiU  in  a  very  early  stage  of 
development. 

Allow  me  to  close  my  Address  with  a  short  reference  to  my  own  per- 
sonal engineering  experience  in  Canada.  The  very  great  progress 
Canada  has  made  in  the  development  of  her  canals,  railways,  and  other 
public  works  within  the  last  half  century  induces  me  to  ask  you  to  bear 
with  me  for  a  few  moments^  while  I  make  soraeTefeKeaoes  to  the  ooudi- 
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tion  of  pablio  works,  more  especially  those  in  Upper  Canada,  now  the 
Province  of  Ontario,  in  the  year  1841,  requiring  the  services  of  engi- 
neers.    I  do  this  for  the  purpose  of  contrasting  the  beginnings  at  that 
period  with  the  magnitude  of  works  accomplished  with  the  aid  of  engineer- 
ing skill  as  they  are  to-day.     During  the  administration  of  the  Govern- 
ment by  the  late  Sir  Charles  Bagot,  Governor  General,  I  was  appointed 
in  1841  in  charge  of  construction  of  all  kinds  of  roads,  plank,  mac- 
adam, etc.,  harbours,  light-houses  and  bridges,  not  including  the  Wel- 
land  canal ;  that  work  was  under  charge  of  my  predecessor  as  President 
of  the  Society,  the  late  Mr.  Samuel  Keefer,  who  at  that  time  occupied 
the  position  of  Chief  Engineer  of  Public  Works  in  Upper  and  Lower 
Canada,  with  the  late  Hon.  H.  H.  Eillaly  as  Chairman  of  the  Board  of 
Works.     It  was  a  period  immediately  after  the  negotiation  of  a  loan  for 
£1,500,000  stg.  by  the  united  provinces  of  Upper  and  Lower  Canada. 
The  proceeds  were  to  be  applied  for  the  construction  of  public  works  in 
both  provinces.     The  district  containing  works  placed  under  my  charge 
extended  from  Kingston  on  the  east  to  Toronto,  Hamilton,  and  the 
southern  shore  of  Lake  Erie  on  the  south,  Amherstbuig  and  Sarnia  on 
the  west,  Owen  Sound  and  Penetanguishene  on  the  north,  in  all  con- 
taining 41  district  works.     A  list  of  these  will  be  found  in  the  report 
of  the  Commissioner  of  Public  Works  for  the  year  1848,  on  puge  50, 
accompanied  by  my  reports  on  each.  The  amount  expended  on  each  of 
them  varied  materially,   but  in  the  a^regate   amounted  to  about 
$2,000,000,  which  in  those  days  was  considered  a  very  large  sum. 

The  location,  laying  out,  and  supervision  of  this  number  of  scattered 
works,  with  very  limited  assistance  from  willing  and  hard  working  men, 
in  most  cases  with  very  little  engineering  knowledge  or  experience, 
was  no  easy  task.  The  work  was  rendered  more  difficult  by  the 
impossibility  of  rapid  communication,  for  from  35  to  40  miles  a  day, 
whether  on  wheels  or  in  the  saddle,  sometimes  for  the  greater  part  on 
foot,  was  considered  a  good  day's  journey.  The  existing  roads  in  those 
days  were  in  the  occasionally  cleared  portions  of  the  country,  formed 
only  with  the  material  thrown  out  of  small  ditches  and  placed  in  the 
centre  of  the  road  allowance,  without  any  regard  to  form ;  while  in  the 
uncleared  portions  of  the  country,  which  were  by  far  the  laigest,  the 
roads  were  made  by  cutting  down  trees  for  a  certain  width  on  each 
ride  of  the  centre  line,  but  only  blazing  those  standing  oiv  or  near  the 
boundaries  of  the  66  feet  road  aUowance, — ^the  statutorAwidth  for 
roads.  The  setting  out  of  these  allowances  for  roads  was^^e  with 
ordinary  compass  by  amateur  surveyors  who  practised  in  those 
The  act  respecting  land  surveyors,  requiring  them  to  pass  an 
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ination  before  being  allowed  to  practice,  was  not  passed  until  1849. 
Drainage,  which  by  that  eminent  authority,  McAdam,  is  considered  to 
be  the  primary  and  most  important  condition  in  making  a  road,  was 
not  understood,  and  therefore  altogether  ignored.  Where  there  was  a 
wet  spongy  depression,  it  was  filled  with  logs  covered  with  a  small  quan- 
tity  of  earth  that  soon  disappeared,  leaving  the  logs  bare.  Such  por- 
tions of  a  road  were  called  "  Corduroy,"  and  were  the  dread  of  all  who 
were  obliged  to  travel  over  them.  The  length  of  time  required  for  a 
journey  and  the  discomfort  of  travelling  over  such  roads  can  only  be 
understood  and  appreciated  by  those  who  were  compelled  to  go  over 
Uiem.  I  make  this  allusion  to  show  the  physical  effort  and  endurance 
that  were  needed  to  visit  the  different  works  sufficiently  often  to  see 
that  they  were  being  properly  carried  out.  There  were  in  all  about 
600  miles  of  varied  classes  of  roads. 

To  show  the  novelty  in  those  days  of  engineering  works,  I  may  be 
allowed  to  narrate  an  incident :  I  had  to  build  a  bridge  across  the 
River  Thames  near  London,  now  within  the  limits  of  that  city,  on  the 
road  to  Sarnia,  to  replace  a  temporary  structure  then  in  use.  The  new 
bridge  was  on  the  Howe  truss  plan  with  the  roadway  on  the  bottom 
chord,  one  span  of  160  feet.  When  this  bridge  was  completed  ready 
for  traffic,  and  just  before  the  removal  of  the  temporary  one,  I  was 
waited  upon  by  several  leading  citizens  of  London,  who  inquired  if  I 
had  absolute  confidence  in  the  stability  of  the  bridge  to  carry  the  heavy 
traffic  that  the  improved  condition  of  the  road  would  bring  upon  it  ? 
They  thought  it  too  light  and  spidery.  Fortunately  batteries  of  Royal 
Artillery  were  quartered  in  London.  I  asked  the  commanding  officer 
to  take  them  across  the  bridge  to  test  its  strength.  He  replied,  "  Yes, 
if  you  will  agree  to  stand  under  it."  The  batteries  crossed  the  bridge 
at  a  walk,  then  at  a  trot,  without  even  disturbing  the  camber.  That 
established  confidence  in  the  bridge. 

The  introduction  of  plank  and  McAdam  roads  gave  rise  to  a  desire 
for  better  means  of  communication,  as  their  construction  gave  such 
striking  evidence  of  great  saving  of  time  by  the  ability  to  carry  heavier 
loads  more  rapidly,  with  reduced  wear  and  tear  of  horses  and  vehicles, 
hence  with  greater  economy  of  carriage.  This  practical,  beneficial 
evidence  pioneered  the  way  to  the  construction  of  railways,  towards 
which  counties,  cities,  towns  and  townships  voted  subsidies  in  the  form 
of  bonds  towards  the  cost  of  building  them.  While  plank  roads  were 
considered  a  novelty,  investigation  proved  that  the  system  was  very 
ancient.  The  Prussian  Minister  of  Education,  having  learned  that 
Prof.  Ejioke  found  traces  of  old  Roman  plank  roads  in  Lower  Hanover, 
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had  the  matter  fally  investigated.  Two  plank  roads  were  traced  bnilt 
acro8B  a  moor.  One  of  them  showed  signs  of  having  been  demolished 
hj  foroe,  the  boards,  that  originially  were  fastened  to  the  bearers  with 
trenails,  having  been  violently  torn  away  and  buried  in  the  bog.  The 
other  road  seemed  to  have  fi&ilcn  into  decay,  bat  it  appears  to  have  been 
repaired  during  the  Roman  period.  Those  repairs,  apparently,  were 
done  hastily,  ibr  in  one  place,  a  mallet,  probably  used  to  drive  home 
the  trenails,  was  found  on  the  track.  The  local  archaeologists  feel 
assured  that  they  have  here  the  ''  Pontes  Lougi  '*  which  were  used 
A.  D.  15  by  the  Uoman  commander  in  his  retreat  from  Germany  to 
Ems.  In  addition  to  the  600  miles  of  roads,  such  as  I  have  referred 
to,  six  bridges  were  built  which  in  those  days  were  considered  impor- 
tant structures ;  and  six  harbours,  with  lighthouses,  four  on  Lake  Erie 
and  two  on  Lake  Ontario,  including  the  Burlington  Bay  Canal.  The 
buildmg  of  these  harbours  was  a  strong  incentive  to  the  movement  for 
obtaining  still  more  rapid  communication  to  these  points  for  shipment 
of  agricultural  products.  Railways  now  extend  to  all  of  them.  Ail 
thesu  roads  and  works  were  completed  about  the  year  1846.  These 
references  to  the  earlier  stages  of  work  for  facilitating  traffic,  and 
to  the  condition  of  the  country  when  in  course  of  development,  are 
given  with  the  view  of  supplying  8ome  historic  reminiscences,  for  the 
purposes  of  comparison  with  the  present  advanced  state  of  public 
works,  as  well  as  those  of  private  enterpiise,  accomplished  by  the  aid 
of  civil  engineers. 

After  1841  and  1842  there  was  a  rapid  development  throughout 
Canada  of  large  enterprises  undertaken  by  the  Government  and  private 
organisations.  The  first  enlargement  of  the  Welland  Oanal  to  9  feet  df 
water  cm  the  mitre  sills  was  commenced  in  1842.  The  earliest  railway 
in  Canada,  the  Laprairie  and  St.  Johnfl,  was  built  in  1836.  The 
Montreal  and  Lachine  Railway  was  opened  and  worked  with  imported 
English  equipment  in  1847.  The  St.  Lawrence  and  Atlantic  Railway 
{now  the  Grand  Trunk),  of  which  I  was  chief  engineer,  was  opened  for 
traffic  to  St.  Hyacinthe  in  1849.  The  first  deepening  of  the  straight 
chunnel  in  Lake  St.  Peter,  upon  which  I  reported  with  Sir  William 
Logan,  General  McNeil,  and  Captain  Child  of  the  U.  S.  Engineers,  was 
begun  in  1850.  The  Byetown  and  Prescott  Railway,  known  as  the 
St.  Lawrence  &  Ottawa,  now  part  of  the  Canadian  Pacific  Railway, 
was  commenced  in  1851,  and  in  the  same  year,  the  Northern  Railway 
from  Toronto  to  Owen  Sound,  as  was  also,  about  the  same  time,  the 
Great  Western  Railway  from  the  Niagara  River  to  Windsor  (now 
Grand  Trunk).     I  will  not  enter  into  further  details. 
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These  improved  meanB  of  oommunioation,  not  only  witbin  the  boun- 
daries of  the  Dominion,  now  extending  from  the  Atlantic  to  the  Pacific, 
bat  with  the  neighboring  Bepnblic,  have  had  a  marvellous  effect  in 
accelerating  the  material  progress  of  Canada  by  developing  her  natural 
reflouro  i8  in  soil,  forest,  and  mine,  by  stimulating  manufacturing  indus- 
tries, and  creating  those  commercial  enterprises  which  have  added  so 
greatly  to  the  stability  and  wealth  of  the  Dominion.     The  canals  of 
Canada,  as  a  system  of  internal  navigation,   have  not  their  equals  in 
the  world.     As  they  add  so  largely  to  the  carrying  conveniences  of  the 
country,  they  reflect  much  honour  on  the  engineering  skill  displayed  in 
their   construction.      The   St.  Lawrence    and   Niagara    Rivers   are 
spanned  by  bridges  that  demanded  engineering  skill  to  design  and  erect. 
Canada  has  now  in  operation  within  her  borders  no  less  than  13,410 
miles  of  railways,  representing  a  capital  of  $727,1 80,443.     In  this  vital 
necessity  of  rapid  locomotion,  the  Dominion  with  its  five  millions  of  people 
is  as  fully  and  favourably  equipped  as  the  States  with  sixty-five  millions. 
It  is  interesting  to  mention  that  in  a  book  published  a  few  months 
ago,  entitled  **  The  Railways  of  England,"  by  W.  M.  Acworth, — ^a  work 
evidently  popular,  for  I  quote  from  the  2nd  edition, — ^the  year  1843  is 
named  as  marking  the  period  of  stable  equilibrium  and  development  of 
railways  in  Great  Britain.     At  that  date  there  were  only  1829  miles  in 
operation,  nine-tenths  of  that  mileage  was  in  England.     The  capital 
authorized  at  that  date  was  about  £70,000,000,  about  300,000  pas- 
sangers  were  carried  every  week,  and  the  total  weekly  receipts  from  all 
sources  were  somewhat  in  excess  of  £100,000.    To-day  there  are  nearly 
20,000  miles  of  railway  lines  in  Great  Britain,  seven-tenths  of  them  in 
England  and  Wales.     The  paid  up  capital  exceeds  £800,000,000,  and 
the  annual  receipts  are  greater  than  all  the  capital  in  1843.     The  num- 
ber of  passengers  has  incf eased  forty  fold. 

But  vast  as  has  been  the  development  of  Canada's  capacities  for  meet- 
ing the  needs  of  agricultural,  mineral  and  industrial  enterprises,  and 
for  providing  the  conveniences  of  ever  enlarging  commerce  and  of 
domestic  life,  the  future  will  see  even  greatar  strides  made  in  the  mate- 
rial progress  of  our  country.  The  works  that  have  signalized  the  past 
only  foreshadow  those  enlarged  opportunities  for  usefulness  and  distinc- 
tion which  the  future  will  open  up  to  the  civil  engineer. 

Permit  me  in  conclusion  to  say  a  few  words  about  our  Society.  The 
report  of  the  Council  shows  a  considerable  increase  in  our  numbers, 
This  no  doubt  is  highly  satisfactory,  from  my  own  point  of  view,  not 
only  because  of  this  increase,  but  as  a  proof  that  the  Society  is  doing 
work  that  is  appreciated  by  engineers,  and  that  the  work  is  good,  for  were 
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it  otherwise  they  would  Dot  have  joined  us.  During  the  year  of  my  office 
as  your  President,  I  have  to  regret  that  owing  to  my  residing  at  so  great 
a  distance  from  the  head-quarters  of  the  Society,  and  for  other  reasons 
beyond  my  control,  I  have  done  but  little  towards  promoting  the  inter- 
ests of  the  Society.  This  failure  to  do  more  has  been  from  inability  and 
not  from  earnest  good-will  towards  or  interest  in  the  welfare  of  the 
Society.  Allow  me,  however,  to  say  that  any  effort  of  your  President 
alone  will  not  suffice  to  ensure  success.  He  is  powerless  unless  aided 
by  members.  Pardon  me  if  I  say  that  it  is  the  duty  of  each  one  of 
you  to  help.  Each  member  should  bring  before  the  Society  every  sub- 
ject of  interest  connected  with  our  profession  of  which  he  has  experience  in 
the  course  of  his  practice.  He  ought  to  attend  the  meetings  for  the  read- 
ing and  discussion  of  papers  as  frequently  as  possible.  You  will  for- 
give me  for  these  words  of  personal  advice  to  every  member.  Although 
they  come  from  one  who  was  your  nominal  head  but  for  the  short  term 
of  twelve  months,  he  is  not  wanting  in  age  in  other  ways,  and  let  me 
assure  you  that  they  are  inspired  solely  by  a  desire  that  the  transac- 
tions and  papers  selected  by  the  Council  for  discussion  should  be  worthy 
of  the  Society.  They  are  the  proper  medium  by  which  the  Society's 
usefulness  is  to  be  maintained.  By  the  printing  and  distribution  of 
those  papers  our  work  becomes  known,  and  by  their  merits  new  mam- 
bers  are  attracted.  Accept  the  assurance  that  I  will  do  all  in  my  power 
to  further  the  interests  of  the  Society,  and  I  shall  watch  its  progress 
with  anxious  desire  to  see  it  prosper. 

I  cannot  sit  down  without  making  an  allusion  to  the  death  of  my  pre- 
decessor in  the  Presidency  of  the  Society,  Mr.  Samuel  Keefer,  who  was 
my  warm  personal  friend,  and  the  earliest  professional  colleague  I  had 
in  Canada.  During  the  period  of  my  ^rvice  in  the  Department  of 
Public  Works  from  1841  to  1846,  Mr.  Koefer  was  my  superior  officer. 
I  always  found  his  advice  sound  and  most  valuable.  He  was  devot- 
edly fond  of  his  profession  to  which  he  did  honour.  He  left  important 
en;j;ineering  works,  with  which  his  name  will  always  remain  associated. 
His  irreproachable  life  reached  almost  fourscore  years,  the  limit  allot- 
ted to  man,  leaving  a  good  example  to  be  followed  by  all  members  of  our 
profession. 


Thursday,  30th  January. 
JOHN  KENNEDY,  Vioo^President,  in  the  Chair. 
J^aper  No.  87* 

STAND-PIPES. 
By  R.  S.  Lea,  Stud.  Can.  Soo.  C.E. 

In  many  systems  of  water-supply  where  the  reservoir  and  the  pump- 
ing station  are  at  a  considerable  distance  apart,  a  stand  pipe  is  placed 
upon  the  force  mains,  to  equalise  the  resistance  against  the  pumps. 
The  stand  pipe,  wiien  U33d  for  this  purpose,  serves  as  a  partial  substi- 
tute for  relief  valves,  acting  in  combination  with  taU  and  capacious 
air  chambers.  It  is  the  office  of  the  stand-pipe  or  of  the  air  vessel  to 
take  up  the  excess  and  to  compensate  for  the  deficiency  of  delivery  by 
the  pump  pistons,  plungers,  or  buckets,  and  they  are  more  effective 
the  nearer  they  are  placed  to  the  pump  cylinders. 

The  forward  stroke  of  the  piston  of  the  single  acting  pump  forces 
the  water,  not  only  along  the  pipes,  but  also  into  the  lower  part  of  the 
air  vessel  or  into  the  stand-pipe,  compressing  the  contained  air  in  the 
one  case  and  raising  the  column  of  water  in  the  other.  The  energy 
stored  up  in  this  way  is  given  out,  during  the  backward  stroke  of  the 
piston,  to  the  advancing  water  in  the  main,  sustaining  its  motion  until 
the  next  forward  stroke.  The  air  vessel  on  the  force  main  is  prac- 
tically a  shorter  closed-top  stand-pipe  containing  an  imprisoned  body  of 
air  under  pressure,  instead  of  a  heavy  column  of  water ;  and  neither  of 
them  is  of  so  much  importance  where  a  double-acting  pump  is  em- 
p'oyed. 

TaD,  open-topped  stand-pipes  of  wrought  iron  or  steel  are  very 
generally  employed,  without  reservoirs,  in  the  construction  of  water- 
works in  the  Western  States,  where  the  level  character  of  the  ground 
makes  them  necessary.  They  are  also  very  often  built  in  locations 
where  the  necessity  for  their  use  is  not  so  evident.  In  such  cases  the 
choice  between  a  reservoir,  a  tank,  or  a  stand-pipe  is  often  one  which 
requires  careful  calculation,  combined  with  judgment  and  experience. 
An  earthen  reservoir  is  always  to  be  chosen  where  practicable,  on 
account  of  its  durable  and  permanent  character.    Where  the  site  is 
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just  a  little  too  low  to  enable  an  embankment  for  a  reservoir  to  be  con- 
structed, at  a  reasonable  cost,  a  mound  of  earth  is  made  artificially, 
and  upon  this  foundation  an  iron  tank  is  built,  which  maintains  the 
surface  of  the  water  at  the  required  elevation. 

But  in  flat  countries,  or  in  situations  where  the  nearest  elevation  is 
at  too  great  a  distance,  some  other  method  must  be  employed  to  get 
the  requisite  head.  This  may  be  done  either  by  building  a  steel  or 
iron  stand-pipe  high  enough  for  the  purpose,  or  by  constructing  an  iron 
tank  of  large  diameter  compared  with  the  stand-pipe,  and  supporting 
it  at  the  proper  elevation  by  a  well  braced  iron  tower.  One  advantage 
urged  in  favour  of  the  elevated  tank  method  is,  that  by  making  the  dia- 
meter say  75  per  cent,  greater  than  that  of  the  stand-pipe,  a  much  lar- 
ger quantity  of  water  at  a  high  pressure  is  always  in  readiness.  This 
is  of  importance  in  case  of  fire,  and  this  after  all  is  just  when 
pressure  is  most  needed.  The  delay  in  pumping  up,  when  the  level  of 
the  water  has  been  allowed  to  fall  considerably,  is  one  of  the  strongest 
arguments  against  stand-pipes.  However,  this  disadvantage  may  be 
obviated  by  the  use  of  a  device  for  automatically  disconnecting  the 
stand-pipe  from  the  distributing  main  in  cases  of  emergency,  several 
of  which  have  been  invented. 

There  are  many  rules  for  finding  the  thickness  of  the  plates  of  which 
the  shell  is  made. 

The  following  one,  which  is  sometimes  used  for  steam  boilerp,  allows 
for  rivetted  joints,  and  assumes  a  net  strength  of  6000  lbs.  per  sq.  inch, 
and  reads  : — 

"  Multiply  the  diameter  in  feet  by  the  pressure  in  lbs.,  divide  the 
product  by  1000,  and  the  quotient  will  be  the  thickness  in  decimals  of 
an  inch.  *'  This  not  very  explicit  rule,  however  reliable  it  may  be 
in  the  case  of  boilers,  does  not  work  very  well  in  the  case  of  stand  pipes 
and  tanks,  with  their  extreme  range  of  pressures  and  proportions.  For 
example,  the  stand-pipe  in  Sandusky,  Ohio,  is  25  feet  in  diameter  and 
208  feet  high ;  this  rule  would  make  its  lower  sheets  2^  inches  thick, 
while  in  reality  it  has  stood  for  years  with  a  thickness  of  {  of  an  inch. 
And  again,  in  the  case  of  a  stand- pipe  5  feet  in  diameter,  the  sheets 
near  the  top,  when  the  pressure  is  only  1  lb.,  would  be  ^  of  an  inch 
thick,  i.e,,  thinner  than  the  thinnest  tin  plate. 

The  following  formula,  in  which  a  constant  is  introduced,  is  simple 
and  seems  fairly  reliable  : 

10000 
in  which  h  =  head  of  water  in  feet,  d  =:  diameter  of  pipe  in  feet,  and 
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t  =  thickness  of  iron  in  decimals  of  an  inch.  The  thickness  may  de- 
crease in  half  a  dosen  or  more  changes  nntil  the  top  is  reached,  and 
each  successive  change  can  be  calculated  by  the  same  formula;  using 
the  distance  of  the  lowest  part  from  the  top  of  the  pipe.  The  thickncES 
of  the  bottom  may  be  made  the  same  as  that  of  the  sides  half  way  up, 
unless  it  is  to  be  laid  on  some  kind  of  a^  foundation  requiring  special 
strength,  as  when  supported  by  beams  like  the  floor  of  a  house. 

Whatever  formula  is  used,  the  greatest  load  which  comes  upon  the 
lower  rings  in  a  stand-pipe  is  the  pressure  due  to  the  column  of  water 
when  the  stand-pipe  is  full ;  and  if  they  are  proportioned  to  meet  this, 
they  will  be  quite  able  to  bear  all  other  strains.  But  the  upper  rings, 
while  of  a  sufficient  thickness  for  the  hydrostatic  load,  may  be  so  light 
as  to  collapse  under  moderate  wind  pressure,  should  the  water  be  below 
the  ring,  and  an  extra  thickness  must  be  provided  to  meet  this  condition. 

The  ordinary  size  of  sheet  used  is  5'  ><  12'.  The  vertical  joints 
should  be  double-rivetted  for  at  least  two-thirds  of  the  height,  while 
the  horizontal  ones  need  only  be  single-rivetted,  the  strains  in  them 
being  far  less  than  those  in  the  vertical. 

The  bottom  is  usually  connected  to  the  sheU  by  an  angle  iron.  The 
top  of  the  pipe  may  be  trimmed  on  the  outside  with  a  flat  iron  band  or 
hoop ;  but  trimming  on  the  inside  is  apt  to  interfere  with  ice  floating 
in  the  stand  pipe  in  winter. 

The  anchor  bolts  and  foundation  should  be  proportioned  in  accor- 
dance with  the  assumed  wind  pressure.  It  is  the  practice  of  a  writer 
in  the  ETigineering  New9  to  use  If  inch  bolt  for  each  16  feetof  height^ 
with  masonry  foundation  8  feet  deep  and  stepped  out  3^  feet  on  each  side 
beyond  the  stand  pipe,  each  bolt  passing  through  a  strap  lug  attached 
to  the  lower  part  of  the  pipe  by  six  or  eight  rivets.  For  example,  if  the 
pipe  is  160  feet  high  by  10  feet  in  diameter,  the  use  of  10  bolts  going 
tlirough  a  foun>iation  17  feet  in  diameter  is  a  good  approximation 
This  arrangement  of  base  gives  great  stability  to  resist  wind  pressure. 

The  best  form  for  a  stand  pipe  is  the  cylinder,  because  a  tapering 
one  costs  more  for  the  same  cubic  capacity,  has  less  storage  capacity 
at  the  top  where  it  is  most  required,  weighs  more  for  equal  strength^  and 
its  shape  prevents  the  ice,  which  forms  in  cold  weather,  from  moving 
up  and  down  with  the  variations  in  height  of  the  water,  which  causes 
severe  strains  in  the  material  of  the  plates.  It  has  been  found  that 
the  proportions  of  the  lightest  tank  to  hold  a  certain  quantity  of  water 
are  two  in  diuneter  to  one  in  depth. 

In  calculating  the  contents  in  U.  S.  gallons,  the  following  rule  is 
convenient ;  also  if  the  quantity  measured  in  this  way  is  assumed  to 
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yary  in  temperature  10^,  it  will  cover  all  discrepancy  in  volume  from 
the  results  of  the  most  elaborate  calculation : — 
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The  following  description  of  a  stand-pips  lately  competed  at  Mai- 
den, Mass.,  will  give  some  idea  of  the  details  of  construction : — 

Maiden  is  one  of  the  many  suburban  towns  of  Boston,  Mass.,  and  has 
a  population  of  about  20,000.  Its  original  situation  was  in  a  valley 
around  the  base  and  in  the  vicinity  of  an  elevation  known  as  Wales 
Mountain ;  but  within  the  last  few  years  it  has  been  extending  up  the 
slopes  of  the  hill,  in  consequence  of  which  this  newer  portion  of  the  town 
was  left  without  sufficient  water  pressure  in  time  of  fire.  The  water 
supply  until  the  present  year  was  taken  by  gravity  from  a  pond  3  miles 
distant,  and  was  fairly  sufficient  for  most  purposes,  while  the  area 
covered  by  the  town  was  confined  to  the  valley.  But  the  demands  of 
the  elevated  portion  of  the  city  for  increased  pressure  made  some  form 
of  high  service  necessary,  and  it  was  therefore  decided  in  this  connec- 
tion to  construct  a  reservoir  or  stand-pipe  on  the  top  of  Wales  Mountain. 
This  was  evidently  the  best  location  for  the  storage  reservoir,  being 
situated  almost  in  the  centre  of  the  town  and  of  sufficient  height  to  ^ve 
the  requisite  pressure. 

The  ordinary  '*  core  wall  and  earth  embankment "  reservoir  was  out 
of  the  question,  owing  to  the  character  of  the  hill,  which  was  composed 
almost  entirely  of  an  igneous  granite  rock,  the  greater  part  of  which  was 
exposed. 

It  was  therefore  decided  to  construct  a  stand  pipe  or  tank  of  wrought 
iron,  with  a  capacity  of  about  1,000,000  gallons,  the  latter  name  being 
in  this  case  more  appropriate  on  account  of  the  dimensions,  viz.,  75  feet 
in  diameter  and  35  feet  high. 

The  foundation  for  the  stand-pipe  was  constructed  on  a  solid  ledge 
which  forms  the  summit  of  the  hill.  Fig.  1,  Plate  IV.,  shews  a  cross 
section  through  this  ledge  with  the  foundation  finished,  the  original 
line  of  the  surface  being  represented  by  the  dotted  line. 
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The  exact  site  having  been  chosen,  it  was  next  laid  out,  in  squares 
and  cross- sectioned,  and  then  a  certain  elevation  was  determined  upon — 
200  feet  above  city  datum — as  that  of  the  bottom  of  the  stand-pipe  when 
finished,  which  was  such  that  it  left  part  of  the  summit  above  grade 
and  part  below.  That  portion  of  the  rock  which  was  too  high  was 
removed  by  blasting,  while  the  remainder  was  brought  up  to  grade  by 
first  cutting  steps  in  the  sloping  sides  of  the  rock  to  get  a  firm  footing, 
and  then  building  it  up  with  masonry  laid  in  cement  mortar. 

There  was  also  considerable  blasting  required  in  forming  the  pipe 
chamber  through  which  the  supply  main  passes  into  the  tank. 

This  pipe  chamber  is  situated  as  shown  in  Fig.  1,  and  is  10  feet  long, 
5  feet  wide  and  6  feet  deep.  It  is  roofed  over  with  a  12  inch  brick 
arch  through  which  at  the  inner  end  there  is  a  circular  opening  2^  ft. 
in  diameter,  to  allow  the  supply  main  to  enter  the  stand-pipe.  Across 
this  hole  at  each  side  of  the  main  are  placed  two  5  inch  I  beams  to 
support  the  bottom  of  the  tank.  The  portion  of  the  chamber  outside 
of  the  foundation  is  covered  with  a  large  piece  of  North  River  flagging 
5  inches  thick,  with  a  manhole  2  feet  in  diameter  cut  in  the  centre  and 
fitted  with  an  iron  cover.  When  the  base  had  been  brought  to  an  even 
grade,  a  granite  underpinning  12  inches  wide  and  16  inches  high  was 
laid  around  the  outside.  This  underpinning,  which  has  a  3-inch  wash- 
cut,  secures  the  foundation  from  the  effects  of  the  frost  and  also  gives 
it  a  finished  appearance. 

The  foundation  having  now  been  completed,  the  next  step  was  the 
erection,  directly  over  and  upon  it,  of  false  works  three  feet  high,  upon 
which  to  put  together  the  bottom  of  the  tank.  This  bottom  is  built  of 
plates  10  feet  long,  6  feet  wide  and  ^  of  an  inch  thick,  rivetted  together 
'  by  a  single  row  of  f  inch  rivets  spaced  3^  inches  apart  centre  to  cen- 
tre. The  plates  around  the  outside  were  made  of  a  softer  metal  than 
the  others,  to  allow  of  the  formation  of  a  5-inch  flange  around  the 
entire  circumference.  To  the  flange  the  first  row  of  side  plates  was 
rivetted. 

The  bottom  of  the  tank  was  put  together  and  the  first  row  of 
side  plates  attached  on  the  false  works  above  referred  to,  so  that  the 
next  process  was  to  lower  it  into  its  position  on  the  foundation. 

The  specifications  required  that  there  should  be  a  four-inch  layer  of 
Portland  cement  mortar  (one  of  fresh  ground  cement  to  two  of  clean 
sharp  sand)  over  the  whole  foundation,  in  order  to  give  the  bottom  a 
perfectly  uniform  bed  to  rest  on.  These  constituents,  after  being 
well  mixed,  were  put  in  dry,  the  moisture  from  the  foundation,  bottom, 
etc.j  being  considered  sufficient  to  set  it. 
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The  bottom  was  lowered  by  means  of  jacks  begnming  at  the  centre  and 
working  outwards.  As  fast  as  the  falseworks  were  removed  the  cement 
was  drawn  in  in  bags  and  spread  in  place.  When  the  false  works  had 
aU  been  taken  away,  the  outside  edge  of  the  tank  was  lowered  on 
to  a  number  of  6  "  )<  8'^  spruoe  blocks  about  a  foot  long,  {daced  at 
intervals  of  10  or  12  feet.  The  jacks  were  then  removed,  leaving  the 
tank  resting  on  these  blocks,  the  bottom  being  already  down, 
having  sagged  a  foot.  After  seeing  that  everything  was  clear,  the 
blocks  were  broken  to  piect  s  by  sledge  hammerp,  letting  the  bottom 
parfectly  true  with  the  foundation  in  every  way. 

The  process  of  construction  was  now  continued,  the  plates  for  each 
course  being  hoisted  into  place  and  fastened  with  temporary  bolts  until 
the  rivet  holes  were  all  in  line,  the  use  of  a  drift  pin  not  being  allowed. 
The  first  or  lowest  course  is  connected  with  the  flange  (the  flange  being 
inside)  by  a  triple  row  of  L  inch  rivets  spaced  2^  inches  apart  centre 
to  centre,  the  rivets  in  the  several  rows  occurring  alternately.  The 
first  two  courses  are  made  up  of  plates  6x10  feet  and  f  of  an  inch  thick, 
the  vertical  seams  being  triple  rivetted  and  the  horizontal  ones  double 
rivetted.  The  triple  rivetted  laps  are  5  inches  wide  and  the  double 
rivetted  3f  inches. 

The  plates  of  the  next  two  courses  are  of  the  same  dimensions  as  those 
mentioned,  except  that  they  are  ^  inch  thick,  and  all  the  seams  are 
double  rivetted.  The  two  top  courses  are  composed  of  plates  5^  '  x  1(K 
and  -t  of  an  inch  thick,  and  all  the  seams  are  single  rivetted  with  a 
lap  of  2f  inches.  All  the  seams  were  carefully  caulked  by  hammering 
or  welding  the  edge  of  the  plate  (planed  at  an  angle  for  the  purpose) 
into  the  one  over  which  it  is  lapped.  In  one  of  the  lower  side  plates 
there  is  an  oval-shaped  manhole — ^24"  x  18* — fitted  with  an  iron  cover 
on  tlie  inside  and  proper  bolts  and  yokes  on  the  outside.  By  means 
of  nuts  bearing  upon  these  yokes,  the  cover  is  firmly  drawn  up  against 
a  rubber  seat,  making  it  tight  and  secure. 

Twenty-eight  feet  from  the  bottom,  the  stand-pipe  is  encircled  by  a 
balcony.  It  b  made  up  of  2^"  x  2i"  x  ^'  angle  iron  with  a  floor  of  hard 
pine,  cut  rightways  and  well  oiled,  laid  radially  with  the  tank,  and  fas- 
tened with  ^  inch  carriage  bolts.  The  whole  is  supported  on  bracketSf 
made  of  3*  x  3^'  x  §*  angle  iron  rivetted  to  the  sides  of  the  tank. 
The  balcony  is  reached  by  means  of  a  staircase  built  of  angle-iron 
with  cast-iron  steps,  which  is  supported  on  angle-iron  brackets  bolted 
to  the  sides  of  the  tank. 

The  stand-pipe  is  covered  by  a  slate  roof  with  twelve  udes,  support- 
ed by  12  iron  trusses  of  the  form  and  dimensions  shown  in  Fig.  2. 
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Between  the  trasses  the  roof  is  supported  by  five  rafters  of  channel 
and  angle  iron,  and  across  these,  10  J  inch  centre  to  centre,  are  placed 
the  purlins,  wliich  are  made  of  1*  x  1|*,  6  lb.  per  yard  T  iron. 
The  roof  is  covered  with  the  best  of  Eastern  slate  which  is  fastened 
to  the  purlins  by  "  Farquhar's  Patent  Clasp  ''-^a  very  neat  and 
effective  arrangement  for  the  pui*pose ;  it  consists  of  nothing  more 
than  a  small  bolt  and  a  piece  of  wire  bent  into  a  particular  shape.  (See 
Fijr.  3.) 

The  roof  was  designed  and  built  by  the  Boston  Bridge  Company,  and 
put  in  place  by  them,  for  the  total  sum  of  $5000.  The  specification 
required  the  roof  to  be  able  to  sustain  the  following  vertical  loads.  On 
the  purlins  45  lbs.  per  sloping  square  foot  of  roof  surface  ;  on  the  rafter 
50  lbs.  per  sq.  ft.,  etc. ;  on  the  trusses  55  lbs.  These  loads  not  to 
strain  the  iron  in  tension  more  than  12,000  lbs.  per  sq.  in.,  nor  in 
compression  more  than  10,000  lbs.  per  sq.  inch.  The  iron  used  was 
the  best  American  bridge  iron.  The  trusses  are  all  tied  together  in 
the  centre  by  1  inch  iron  rods. 

The  roof  is  surmounted  by  a  galvanized  iron  ventilator  or  cupola  of 
a  neat  and  ornamental  design. 

When  all  the  iron  work  had  been  completed,  the  inside  of  the  stand- 
pipe  was  given  three  coats  of  black  asphalt  varnish,  while  the  outside 
was  painted  with  the  same  number  of  oats  of  white  lead  and  linseed 
oil.  The  pipe  has  a  capacity  of  1,180,000  gallons,  and  the  elevatioiu^f 
the  water  when  full  is  235  feet  above  city  datum.  It  was  pumped 
full  about  the  1st  of  August  last,  and  proved  perfectly  tight,  there 
being  no  sign  of  any  leakage  beyond  a  slight  exudation  or  "  sweating  " 
for  a  short  time. 

The  cost  of  the  foundation  was  |1500,  of  the  roof  |5000,  and  of  the 
stair  $500.  The  stand-pipe  itself  was  built  by  the  Cunningham  Iron 
Works  of  Charlestown,  Mass. 

The  total  cost  of  the  struoture  when  completed,  including  that  of  the 
foundation,  was  $22,440.  It  was  built  under  the  direction  and  accord* 
ing  to  the  specifications  of  M.  M.  Tidd,  G.E.,  of  Boston,  Mass. 

From  the  drawings  accompanying  this  paper  Plate  lY.  has  been 
prepared. 


Thursday,  13th  Febrnarj. 
JOHN  KENNEDY,  Vice-President,  in  the  Chair. 
Vaper  No.  88. 

THE  SCREENING  OP  SOFT  COAL. 
Br  J.  S.  MoLbnnan,  B.A.,  A.  Can.  Soo.  C.E. 

Coal  comes  from  the  pit  to  the  surfaoo  as  the  miner  has  broken  it 
down.  He  loads  into  the  tubs  the  lumps  and  fine  coal  made  by  his 
pick  in  holing  or  underminini;  his  shot,  or  in  breaking  up  the  large  mass 
which  is  tumbled  over  as  its  result.  In  mines  where  a  layer  of  stone 
adheres  to  the  top  of  the  seam,  he  is  bound  undor  a  penalty  to  dear  this 
off.  But  with  other  foreign  matters  found  in  the  coal  he  h.-is  no  concern. 
Boughly  speaking,  few  seams  are  absolutely  free  from  such  impurities, 
and,  to  bring  the  coal  to  its  best  merchantable  condition,  these  must  be 
removed  as  fur  as  possible.  When  this  has  been  done  the  coul  is  ''  run 
of  mine ''  in  the  commercial  sense.  Round  coal  is  that  which  passes  over 
a  screen,  the  bars  of  which  hive  between  them  apertures  of  ^  to  f  of  an 
irtch.  Slack  is  the  coal  which  fulls  through  these  apertures,  and  it  is 
often  passed  through  a  secondary  screen  and  divided  into  nut  and  duff. 

The  desiderata  in  screeniu!;  are  therefore: — 

I.  Effective  separation  of  sixes;  so  that  slack  may  not  be  carried 
among  the  lumps  into  the  round  coal,  or  so  that,  in  avoiding  this  by 
wide  openings  between  the  bars,  too  large  coal  may  not  pass  into  the  slack, 
a  consideration  of  some  importance  in  shipping  slack  to  the  United 
States,  where  an  excessive  size  would  render  the  cargo  liable  to  a 
higher  rate  of  duty. 

II.  An  .opportunity  for  the  removal  of  mechanical  impurities  as  stone 
or  pyrites,  which  occur  in  some  mines  as  '^  bails,''  or  elsewhere  in  lamina- 
tions so  thickly  grouped,  as  to  be  easily  visible. 

III.  The  minimum  of  breakage  in  the  transit,  from  the  pit  tub  to  the 
railway  car,  the  vertical  distance  between  the  levels  of  which  is  from  15  to 
25  feet. 

The  ordinary  method  of  screening  is  by  a  fixed  screen  about  20 
feet  long  and  6  feet  wide,  inclined  at  an  angle  of  about  25^.  The  effec- 
tive screening  surface  is  reduced  in  many  cases,  by  the  use  of  cast-iron 
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bars  about  f  inoh  thick.  The  tub  is  commonly  provided  with  an  end 
door,  and,  when  run  on  a  tumbling  cage,  it  is  tipped  into  cootaot  with 
the  upper  end  of  the  screen.  The  door  is  opened  automatically  or  by  the 
attendant,  and  the  coal  slides  down  the  screen.  As  there  are  no  means  of 
r^ulating  iu  speed,  it  very  imperfectly  fulfils  all  the  conditions  of 
screening  coal,  except  rapidity,  as  it  is  obvious  that  coal  can  be  sent  down 
it  as  rapidly  as  tubs  can  be  tipped ;  but  it  is  not  separated  effectively,  no 
opportunity  for  picking  is  given,  and  the  breakage  of  the  lump  coal  and 
also  of  railway  cars  is  ezce8sive. 

The  method  of  screening  adopted  by  Mr.  Poole,  at  the  Acadia  Colliery 
in  Pietou  county,  is  effective  and  economical.  He  describes  it  as 
follows : — 

Goal  is  drawn  from  the  mine  up  an  incline  of  24^  to  28°  in  boxes 
holding  a  ton  each.  The  boxes  have  end  doors,  and  are  run  forward  on 
the  bank  head,  28  feet  above  the  main  railway,  to  a  rocker.  The  loaded 
box  tilts  up^  the  door  is  released,  and  the  coal  slides  out  on  to  a  dead 
plate  at  the  head  of  the  screens. 

The  dead  plate,  3  ft.  wide,  dips  at  an  angle  of  40°.  From  its 
ower  edge  proceed  two  sets  of  bars  which  we  may  call  A  and  B.  A  is 
5  ft.  long,  and  is  made  of  2  in.  bars  placed  6  in.  apart.  It  inclines  at 
an  angle  of  12°.  To  the  far  end  is  hinged  an  apron  12  ft.  long, 
ordinarily  lying  at  the  same  inclination.  The  free  end  of  the  apron  is 
sostained  by  a  counter  weight.  When  the  weight  is  down  and  the 
apron  up,  the  passage  over  its  upper  surface  is  closed  by  a  fixed  stop 
suspended  from  above,  at  a  point  two- thirds  of  the  distance  from  the 
near  end. 

The  '^  B  "  set  of  screen  bars  are  12  ft.  long,  1  in.  sq.  iron  and  f  in. 
apart ;  they  start  from  the  dead  plate  under  the  heavy  bars  at  an  inclina- 
tion of  45°,  being  continued  at  a  lessening  inclination  until  an  angle  of 
21°  is  reached,  at  which  inclination  the  screen  then  remains.  A  hopper 
under  these  bars  collects  the  *'  slack  "  coal  that  has  fallen  through,  at 
the  lower  end  of  this  screen  ;  a  short  fixed  screen  2  ft.  6  in.  long  with  2^ 
in.  openings  separates  out  the  '*  stove  "  size.  Thence  onward  the  screen 
is  lined  with  perforated  plates,  and  terminates  in  a  counterbalanced 
aproo  4  ft.  wide,  which,  as  required,  checks  the  flow  of  coal  over  the 
screen  and  enables  stony  coal,  etc.,  to  be  seen  and  removed  ;  or  entirely 
atops  the  flow,  and  allows  coal  to  accumulate  while  cars  below  are  being 
shifted. 

The  object  of  the  coarse  screen  A  is  to  separate  out  '^  furnace  '*  coal, 
and  the  separation  of  very  large  lumps  from  the  run  of  mine  enables 
a  more  thorough  screening  of  the  remainder  to  be  effected.     The  fur- 
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nace  coal  slides  forward  od  the  apron  and  collects  against  the  fixed 
stop.  When  the  apron  is  fall,  the  screenman  \ifu  a  brake  from  the 
counterbalance,  the  apron  then  descends  an  til  the  point  rests  on  the 
retralar  screen ;  and  while  it  is  descending,  the  coal  upon  it  is  slowly  slidiag 
forward,  and  thence  passes  quietly  on  withont  a  drop  into  the  oar 
below. 

The  slack  collected  in  the  hopper  under  the  screen  drops  into  a  well, 
from  which  it  is  elevated  to  the  level  of  the  bank  head,  and  dropped  into 
a  revolving  screen  12  ft.  long  by  4  fr.  diameter,  covered  with  wire  doth 
of  f  in.  mesh.     This  screen  separates  the  slack  into  '*  nut "  and  "  culm." 

The  above  will  make  clear  the  arrangement  at  Westville ;  at  the  other 
pits  the  ordinary  screen  is  in  use. 

The  arrangements  at  **  Acadia,"  which  are  thoroughly  eflPective,  require 
a  high  bank  head  to  give  space  for  the  screens,  and  thus  were  not  avail- 
able as  models,  when  the  writer  decided  to  chan<;e  the  screens  he 
found  in  place  at  the  International  mines.  Notwithstanding  Mr.  Poole's 
kind  assistance,  some  other  device  hud  to  be  used,  which  could  be  placed 
in  a  bank  head  only  21  feet  high.  No  other  screens  are  in  use  in  Nova 
Scotia,  and  the  apparatus  known  as  Biggs  Patent  Curved  Balance 
Screen  was  imported  from  England.  It  is  sliown  in  Plate  V,  Figs.  1 
and  2,  and  consists  in  the  tipping  cage  shown  in  Fig.  2,  in  the  positioo 
in  which  the  loaded  tub  is  pushed  into  it.  The  tub  is  retained  in 
position  by  angle  irons,  which  project  beyond  and  sliglitly  above  its 
edges.  The  lever  shown  in  the  sketch  which  operates  the  hand  brake 
b  partially  released,  and  the  whole  cage  turns  over  slowly  until  it 
reaches  the  position  shown  in  Fig.  1 ;  the  coal  slides  out  of  the  tub  on  the 
screen,  and  by  gravity  the  cage  assumes  its  former  position.  The  tubs 
arc  '^  solid,"  that  is  without  end  door^,  and  thus  save  a  good  deal  in 
repairs,  the  doors  being  the  parts  most  liable  to  get  out  of  order. 

The  screen  is  6  fl.  wide  and  1 1  ft.  long  from  the  top  to  the  journal  shaft 
which  supports  it,  and  thence  to  the  mouth  13  ft.  in  length.  To  the 
journal  shaft  is  keyed  a  large  brake  wheel,  the  band  brake  on  which  is 
controlled  by  a  bell  crank  lever  indicated  in  both  sketches.  The  angle 
of  inclination  of  the  upper  part  is  25°,  and  of  the  lower  8°.  The 
momentum  of  the  coal  from  the  tub  carries  it  forward  to  the  lower 
part  of  the  screen,  where  it  lies  until  it  is  inspected,  and,  if  necessary, 
eieaned  ;  then,  on  the  release  of  the  brake,  its  weight  causes  the  screen 
to  tilt  downwards  to  the  position  shown  in  Fig.  2,  until  the  coal  slides 
gently  into  the  car.  When  the  weight  is  removed  the  screen  returns  to 
its  former  position. 

It  will  be  seen  that,  in  giving  a  chance  for  cleaning  the  coal  and 
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Having  of  breakage,  it  is  perfect^  and  yerj  good  fur  sepnratioD  of  i»ises. 
It  is,  however,  slow,  and  by  requiring  more  screens  is  thus  more  expen- 
sive for  a  given  output  than  the  old  type.  Its  first  cost  is  high,  and, 
consequently,  a  modification,  suggested  by  Mr.  John  Johnston,  the 
underground  manager,  has  been  adopted.  This  is  shown  in  Fi^.  3 
and  4.  The  screen  is  the  same  length,  but  is  7  ft.  6  in.  wide.  The 
upper  part  is  fixed  at  an  an<:le  of  28^. 

The  lower  part  rests  on  a  journal  at  X,  and  is  supported  by  a 
counter-weight  W,  controlled  by  a  brake  B  around  which  the  connect- 
ing wire  rope  passes.  The  Higg*s  cage  is  used  with  this  screen.  When 
the  coal  is  ready  to  be  deposited  in  the  cage,  the  brake  is  released,  and 
the  point  of  the  screen  descends  as  in  Fig.  4.  When  the  coal  is  off, 
the  counter- weight  brings  the  screen  back  into  the  position  in  Fig. 
3.  In  Figs.  1  and  2  is  shown  the  box  in  which  slack  is  caught  and 
deposited  in  a  car.  In  the  other  is  indicated  at  E  an  endless  chain 
conveyor,  which  carries  it  to  an  elevator  to  the  subsidiary  screen  on 
the  bank  head,  where  the  nut  coal  is  taken  out. 

While  this  system  is  more  costly  than  the  normal  type,  its  efficiency 
more  than  compensates  for  the  cost  in  giving  a  cleaner  and  larger  coal 
than  was  formerly  obtiiined. 

The  Old  Sydney  and  Victoria  Mines  employ  an  apparatus  known  as 
the  Billy  Fairplay  which  Mr.  Brown,  tlie  manager,  has  kindly  des- 
cribed for  this  paper.     He  says :  — 

The  ^'  Billy  Fairplay ''  system  is  in  use  at  the  Sydney  mines  of  the 
General  Mining  Association,  Limited. 

By  this  method  the  coal  is  not  riddled  in  the  pit  by  the  colliers,  but 
is  filled  by  them  just  as  it  is  cut,  into  the  tubs  or  boxes,  the  large  and 
small  or  slack  coal  all  together.  On  arrival  at  the  surface,  the  tub  of 
coal  is  weighed,  and  the  gross  weight  of  the  coal  it  contains  is  recorded. 
It  is  then  dumped  into  the  screens  ;  the  screened  large  coal  passes  over 
the  bars  of  the  screen  into  the  oars,  and  the  slack  coal  passes  through 
the  spaces  between  the  bars  of  the  screen  into  a  hopper. 

From  this  hopper  the  slack  coal  falls  into  a  tray  which  hangs  sue* 
ponded  on  pivots  from  an  indicating  dial  overhead.  When  all  the  slack 
from  a  tub  of  coal  has  thus  gone  into  the  tray,  its  weight  is  asoertsiined 
by  the  dial,  and  the  tray  is  then  capsized  by  a  string  pulled  by  a  small 
boy  stationed  at  the  screen  for  the  purpose,  and  the  empty  tray  resumes 
its  original  position  ready  for  the  next  tub  of  coaL 

The  gross  weight  of  the  coal  that  was  in  the  tub  is  placed  to  the 
eredit  of  the  collier  who  sent  it  up,  and  the  weight  of  slack  that  has 
been  screened  from  that  tub  is  placed  to  his  debit ;  he  is  paid  a  certain 
price  per  ton,  only  on  the  difference,  that  is,  the  screened  large  coaL 


86  McLenrian  on  the  Screening  of  Soft  Coal. 

The  advantages  of  this  system  are,  that  the  ooUiers  are  saved  the 
labour  of  riddling  their  coal  by  hand,  and  that  it  discriminates  in  favour 
of  the  skilful  workman,  who  hews  his  coal  with  a  view  to  make  as  Itetk 
^lack  as  possible,  and  gives  him,  as  he  deserves,  better  pay  than  the 
careless  miner,  who  breaks  up  an  undue  proportion  of  the  coal  which  he 
produces. 

The  slack  coal  is  emptied  by  the  capsized  tray  into  a  small  tub. 
This  tub,  when  foil,  iB  drawn  up  a  steep  incline  by  means  of  a  small 
engine  and  wire  rope,  and  when  arriving  at  the  top  it  automatically 
empties  it«elf. 

The  slack  coal  from  the  tub  falls  upon  an  oscillating  screen  composed 
of  wire  netting  of  half  inch  square  mesh,  which  separates  it  into  nut  and 
duff,  each  of  wliioh  passes  through  a  shute  idto  a  car  of  its  own  on  the 
railroad  below.  If  slack  coal  is  at  any  time  desired  in  the  cars  instead 
of  nut  and  duff,  then  the  wire  netting  screen  is  not  used. 

The  Billy  Fairplay  system  is  largely  used  in  Wales  and  in  the  north 
of  England. 

It  may  be  noted  that,  while  the  "  Billy  Fairplay  "  is  a  very  valu- 
able incentive  to  the  miner  to  reduce  the  slack  to  a  minimum,  the  prac- 
tice of  riddling  coal  in   the  pit  to  which  Air.  Brown  refers  has  been 
abandoned  by  all  but  one  or  two  mines  in  Gape  Breton  and  Nova 
Scotia.     The  English  practice  is  very  elaborate  at  the  best  collieries. 
Screens  having  bars  with  reciprocal  motion  carrying  the  coal  along, 
circular  screens  revolving  horizontally,  so  that  different  bands  of  coal 
can  be  sorted  into  different  cars,  are  in  use,  all  of  them  elaborately 
explained  in  Percy's  Mechanical  Engineering  of  Collieries.     In  the 
Pittsburg  region,  the  screening  appliances  are  good.  In  many  cases  a  very 
high  bank  head  allows  enough  assorting  of  the  different  sizes  through 
a  succession  of  screens  into  different  cars;  but  while  it  may  not  be  true 
of  other  departments  of  the  industry,  the  best  practice  in  screening  in 
this  proviuce  is  abreast  of  the  times. 

FroEs  the  drawings  accompanying  this  paper  Plate  Y  has  been 
prepared. 


DISCUSSION. 

Mr.  McLennap  said  that  odIj  the  two  mines  mentioned  of  the  Mr.  McLennan. 
General  Mining  Association  paid  the  miners  for  large  coal ;   at  all 
the  other  mines  the  colliers  were  paid  per  ton  of  run  of  mine,  and  the 
coal  was  screened  as  the  company  chose. 

Mr.  H.  Wallis  said  that  he  had  listened  to  Mr.  McLennan's  Mr.  Waiiis. 
paper  with  much  interest.  The  process  uf  screening  described  was 
one  which  would,  no  doubt,  turn  out  coal  in  excellent  condition.  At 
the  same  time  he  was  not  greatly  impressed,  having  regard  to  the 
commercial  value  of  coal  at  long  distances  from  the  mines,  with  the 
necessity  of  screening  it  at  all.  The  Qrand  Trunk  Railway  Company 
used  run  of  mine  coal  only,  after  an  extended  experience  with  the 
various  grades  of  lump  and  nut,  the  reason  being  that  the  expendi- 
ture for  screening,  some  20  cts.,  added  to  the  cost  per  ton,  did  not 
ensure  the  delivery  of  the  coal,  after  much  handling  and  long  haul- 
age, in  the  condition  expected.  The  company  paid  for  lump  coal 
and  received  apparently  the  run  of  the  mines,  the  grade  having  been 
lowered  in  the  manner  named,  but  the  difference  was  not  so  apparent 
under  the  present  system  of  purchasing.  He  would,  however,  pre- 
fer the  lump  coal  if  it  could  be  delivered  as  contracted  for.  There 
was  a  difference  of  8  or  10  per  cent,  in  its  favor,  varying  as  a  rule  in 
accordance  with  the  hardness  of  the  coal.  He  was  aware  that  it 
ought  to  be  cheaper  to  the  consumer  to  use  long  distance  coal  as 
lump  rather  than  of  a  lower  grade,  and  so  it  would  but  for  the  objec- 
tions mentioned.  It  was  true  that  recent  improvement  in  locomotive 
practice,  including  what  are  known  as  extended  smoke  boxes,  together 
with  largely  increased  grate  surface  and  the  introduction  of  the 
compound  principle,  had  rendered  possible  a  steady  if  softer  exhaust, 
and  therefore  reduced  the  tearing  action  on  the  fire  to  an  extent 
which  had  in  some  cases  permitted  of  good  results  having  been  ob- 
tained from  slack.  He  desired  to  ask  what  percentage  of  culm  and 
slack  was  left  over  after  screening. 

Mr.  Dodwell  enquired  whether  the  damage  which  the  coal  sus-  Mr.  Dodweii. 
tained  in  transit  was  due  entirely  to  handling  or  in  part  to  disinte- 
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gration,  and  also  whether  the  author  had  had  any  experience  with 
lime  cartridges  and  did  he  coke  the  slack.  In  1870  or  1871  he 
spent  a  month  or  two  at  the  Alhion  Mines,  and  the  slack  coal  was 
then  looked  upon  as  a  nuisance.  The  loading  ground  was  ballasted 
with  it,  and  it  struck  him  as  being  singular  that  it  should  be 
considered  valueless  when  it  might  have  been  used  for  coking  or 
making  briquettes. 

Mr.  St.  George.  Mr.  St.  George  said  he  thought  a  screen  necessary  as  an  incentive 
to  good  mining.  He  considered  clean  coal  necessary  to  good  steam- 
ing in  stationary  boilers,  particularly  with  forced  draught,  and  the 
experience  of  engineers  on  the  ocean  steamers  was  that  their  speed 
had  been  increased  by  the  cleaner  condition  of  the  coal.  He  was 
aware  that  in  Virginia,  especially  West  Virginia,  in  the  Alleghany 
Range,  they  coked  all  the  coal  now.  He  would  like  to  know  how  it 
would  answer  to  ship  coal  to  a  large  market  and  screen  it  there.  la 
Belgium  the  practice  was  to  cover  the  slack  coal  with  earth  and  to 
plant  it  with  trees. 

Mr.  Waokiyn.  Mr.  F.  L.  Wanklyn  enquired  what  experience  the  author  had  in 
the  use  of  powder,  also  had  he  used  hydraulic  rams  with  long  buckets 
for  breaking  down  the  coal. 

He  thought  it  would  suit  them  better  to  simply  clean  the  coal  in- 
stead of  separating  it  into  different  sises.  There  seemed  to  be  a 
larger  percentage  of  dirt  and  shale  in  the  Lower  Province  coal  than 
in  that  from  the  United  States. 

He  would  like  to  know  the  difference  in  price  at  the  pit's  mouth 
between  lump  and  run  of  mines  coal,  and  if  it  is  the  custom  to 
dress  the  cars  conveying  run  of  mine  coal,  that  is,  to  place  the  lumps 
at  the  top  ?     He  had  noticed  cars  apparently  loaded  in  this  way. 

He  believed  that  briquettes  were  used  in  Europe  when  coal  was 
carried  long  distances,  because  in  this  form  it  did  not  deteriorate  so 
much  from  exposure  to  the  atmosphere,  and  they  could  bo  more 
readily  slacked,  although  owing  to  the  pitch  used  in  their  manufac- 
ture, such  coal  gave  off  more  smoke  in  combustion.  The  system 
adopted  in  England  of  firing  factory  boilers  by  mechanical  means 
had  rendered  possible  the  burning  of  small  coal  with  satisfactory 
results.  The  res^ularity  with  which  the  furnaces  were  fed,  in  rela- 
tion to  the  quantity  of  air  supplied,  prevented  loss  through  the 
tubes,  and  the  percentage  of  ash  was  inconsiderable. 
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Mr.    John    Kennedy   enquired  whether  eoal  could    be  cleaned  Mr.  Kennedy, 
without  screening  so  as  to  save  the  cost  of  as  well  as  the  loss  bj 
screening. 

In  buying  cargoes  of  coal  it  often  appeared  to  him  to  be  all 
slack,  and  at  times  he  found  it  hard  to  persuade  himself  that  it  had 
been  screened  at  all.  He  supposed  that  the  better  draught  obtained 
in  all  sorts  of  boilers,  especially  on  board  steamers,  and  to  some 
extent  in  locomotives,  enabled  them  to  use  more  slack  or  run  of 
mine  coal  than  formerly.  Ten  years  ago  enormous  quantities  of 
Scotch  coal  were  used  in  Montreal,  because  it  was  thought  that 
nothing  else  would  give  satisfaction,  until  the  price  rose  so  high  that 
steam  users  had  to  purchase  Lower  Province  coal,  and  now  scarcely 
any  Scotch  coal  came  into  the  market. 

Mr.  Rhodes  .  said  he  would  be  glad  to  have  some  information  as  Mr.  Rhodes, 
to  the  manufacture  of  slack  into  briquettes.  Large  supplies  of  these 
were  manufactured  at  the  Taff  Vale  collieries  in  Wales,  and  shipped  to 
Continental  railways.  They  were  made  from  the  pure  washing  of 
the  slack  coal  pressed  into  shape  with  hot  pitch.  There  was  a  large 
and  increasing  trade  done  in  these  briquettes,  principally  with  French 
railways. 

Mr.  McLennan  remarked  that  Mr.  Wallis  had  spoken  from  the  Mr. McLennan, 
standpoint  of  the  consumer,  and  what  he  had  said  was  undoubtedly 
correct  from  that  as  well  as  from  his  own  standpoint.  They  endea- 
voured to  persuade  their  customers  to  use  ^'  run  of  mine "  coal, 
especially  in  markets  reached  by  vessels,  on  account  of  the  damage  to 
the  coal  caused  by  dropping  into  the  vessels  and  afterwards  from  th^ 
vessels  into  the  dumps.  If  the  handling  could  be  reduced  so  that 
coal  could  be  simply  cleaned  and  sold  as  run  of  mine,  it  would  be  an 
advantage  to  everybody  concerned  except  householders.  His  company 
had  not  sold  to  the  Grand  Trunk  Railway  Go.  for  a  long  time  past, 
but  he  did  not  think  that  company  had  ever  received  from  them 
unscreened  coal.  He  remembered  distinctly  the  impression  made 
on  him  by  the  appearance  of  a  cargo  of  coal  in  Montreal  which 
had  been  loaded  in  Cape  Breton.  It  was  absolutely  unrecognisable, 
and  if  he  had  not  known  the  ship,  he  would  have  doubted  its  being 
the  same  coal  that  he  had  seen  in  Cape  Breton  five  or  six  days  pre- 
viously, the  destruction  in  handling  had  been  so  great. 

With  reference   to  the  percentage  of  culm    and  slack  coal,  it 
averaged  from  25  to  30  per  cent,  over  f  inch  apertures.    At  one  mine 
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it  was  as  much  as  35  per  cent.  Mr«  Routledge  claimed  to  get  18 
per  cent,  only  bat  he  riddled  in  the  pit  at  that  time.  The  average 
might  be  taken  as  from  22  to  28  per  cent.  It  depended  to  some 
^ztent  on  whether  the  screens  were  double  or  not. 

Their  miners  were  paid  by  the  ton  on  the  run  of  the  mine  which 
was  supposed  to  be  cleaned  from  stone,  slate  and  roof.  They  could 
do  this  in  their  mine  where  there  was  only  one  band  in  it,  and  that 
about  one  inch  thick.  The  lump  was  cleaned  out  and  a  proportion 
had  to  be  afterwards  broken  in  order  to  get  out  the  slate  before  ship- 
ment. When  the  coal  was  riddled  in  the  mine  the  refuse  was  left 
there.  In  some  mines  this  practice  would  be  a  source  of  danger.  If 
there  was  a  demand  for  slack  it  would  be  taken  out  by  bags.  It  was 
thought  that  the  "  Billy  fair-play  "  system,  mentioned  by  Mr.  Brown, 
would  make  the  miners  more  careful,  but  when  they  found  that  the 
slack  for  which  they  were  not  paid  was  being  sold,  objection  was 
raised  to  the  system. 

In  reply  to  Mr.  Dodwell,  the  damage  to  the  coal  was  not  so 
much  due  to  disintegration,  which  did  not  take  place  until  some 
months  afterwards.  Coal  that  had  been  badly  mined  or  shaken  with 
powder  would  break  sooner,  but  no  doubt  all  coals  commenced  to 
dismtegrate  slowly  from  the  time  they  were  mined.  His  experience 
with  lime  cartridges  had  not  been  satisfactory.  One  man  lost  an 
eye  through  &ome  which  had  been  sent  out  to  the  Sydney  Mines  to 
try.  With  regard  to  the  slack  they  coked  merely  what  was  required 
for  local  purposes.  Cape  Breton  coal  coked  tolerably  well,  but  was 
a  little  high  in  sulphur  for  iron  working. 

As  to  the  necessity  for  screening  as  an  incentive  to  good  mining, 
it  was  customary  to  pay  for  each  ton  of  coal  sent  up  if  it  were  reason- 
ably clean.  It  would  hardly  pay  to  screen  coal  at  the  point  of  delivery, 
which  would  cause  double  handling  and  therefore  increase  the  cost, 
but  it  might  be  done  if  the  market  at  that  point  were  large  enough 
for  pick  coal. 

Replying  to  Mr.  Wanklyn,  the  hydraulic  rams  had  not  been 
tried  in  Canada,  and  were  only  useful  when  the  coal  made  a  clear 
parting  from  the  roof.  If  the  roof  parted  badly  the  coal  had  to  be 
picked  over.  It  depended  upon  the  strata  next  the  roof.  He  had 
thought  sometimes  of  obtaining  a  few  wedges  to  try.  In  every  seam 
were  one  or  more  bands.  He  believed  that  in  the  case  of  the  Pitts- 
burg coal — ^perhaps  the  cleanest  coal  in  the  United  States — the  band 
was  very  much  broken  up.  They  mined  out  six  feet  and  actually 
sent  to  lump  four  to  four  and  a  half  feet,  while  the  rest  of  the  ooal, 
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between  six  and  seven  feet  in  height,  was  thrown  away.  The  differ- 
ence between  the  value  of  lamp  and  run  of  mine  coal  at  the  pit's  mouth 
would  probably  be  twenty  cents  or  a  little  over,  it  would  depend 
upon  the  price  obtained  for  slack.  In  the  Newfoundland  market  the 
domestic  consumers  wanted  lump  coal  entirely.  He  did  not  think  it 
was  usual  to  dress  coal  cars  in  the  manner  suggested. 

Referring  to  Mr.  Kennedy's  remarks,  the  cost  of  cleaning  coal 
included  the  screening.  In  reality  considerable  labour  was  expended 
beyond  that  actually  engaged  in  screening.  The  slack  was  worth 
from  50  to  60  cents  a  ton. 

It  was  quite  as  painful  for  the  coal  owner  as  for  the  purchaser 
to  see  the  condition  in  which  the  coal  very  often  arrived  at  ports  of 
delivery.  Shippers  took  a  pride  in  sending  it  away  in  good  condition, 
and  the  damage  which  took  place  in  transit  was  most  discouraging  to 
them.  Vessels  to  be  economically  worked  should  be  about  twenty  feet 
deep  in  the  hold,  and  it  would  be  in  the  interest  of  the  consumer  if 
the  system  of  discharging  could  be  improved.  The  method  of  hoisting 
a  tub  of  coal  by  a  whip  and  turning  it  over  into  a  car  caused  more 
breakage  than  the  loading  of  the  vessel. 

With  reference  to  the  manufacture  of  briquettes,  at  the  Gowrie 
Mines  they  had  Yeadon's  apparatus,  and  they  made  tolerably  good 
bricks,  but  the  practice  did  not  seem  to  be  much  favoured.  More- 
over, they  had  not  any  great  excess  of  slack  in  Cape  Breton  or  Nova 
Scotia,  and  there  was  not  the  same  pressure  now  as  years  ago  to  get 
rid  of  it.  He  had  been  surprised  to  see  how  small  was  the  export 
of  bricks  at  Cardiff ;  the  trade  did  not  seem  to  have  kept  pace  at 
all  with  the  coal  trade  from  that  city,  although  he  was  aware  that 
the  French  railways  were  rather  large  consumers. 

Referring  to  the  burning  of  slack  coal,  there  was,  as  had  been 
remarked  by  Mr.  Wanklyn,  some  difficulty  with  a  high  forced 
draught,  much  of  the  coal  would,  under  such  conditions,  pass 
through  the  tubes  and  up  the  smoke  stack  unburnt.  One  of 
their  steamers  carrying  coal  to  Montreal  some  years  ago  and  burning 
slack  ran  under  such  conditions  with  an  excessive  consumption,  he 
thought,  of  about  25  per  cent.  He  believed,  however,  that  quite  a 
number  of  colliers  were  running  on  the  east  coast  with  slack  coal 
entirely,  and  with  a  different  arrangement  of  grate ;  they  could  pro- 
bably do  the  same. 

The  maximum  evaporative  results  would  probably  be  obtained 
from  the  use  of  nut  coal.  Slack  was  more  likely  to  heat  spontan- 
eously, but  it  would  part  with  the  volatile  carbons  more  readily 
even  although  there  might  be  no  actual  heating. 


CORRESPONDENCE. 

Mr.  Leoiitt<t  Mr.  R.  W.  Leonard  said  that  in  Spring  Hill,  all  stone  or  other 
impurities  must  be  separated  in  the  pit  by  the  loader  employed  by 
the  coal  cutters,  and  boxes  of  dirty  coal  are  **  docked  "  at  the  bank 
head,  i,e,,  the  miner  is  not  paid  for  them. 

The  form  of  the  bars  has  much  to  do  with  the  successful  screening 
of  soft  coal.  Cast-iron  bars  are  rough,  and  are  apt  to  causo  much 
trouble  in  cold  weather  by  freezing  up ;  square  bare  set  on  edge  are  very 
well  adapted  for  the  work,  but  it  is  necessary  to  clean  them  continually 
with  a  hoe,  as  certain  sized  pieces  will  stick  between  them.  Flat  top 
bars  f*  wide  on  top,  J*  at  bottom,  and  1  J*  deep  are  not  so  subject  to 
this  trouble,  but  do  not  screen  as  efficiently,  unless  the  screen  is  made 
in  two  sections  with  bars  in  second  8ection  opposite  space  in  first  part. 

The  **  ordinary  method  *'  described  by  Mr.  McLennan  is  used  in 
screening  in  Spring  Hill,  and  is  found  to  suit  our  requirements  very 
well.  Two  of  our  bank  heads  are  too  low  (18  ft.  and  22  ft.)  to  adopt 
the  admirable  system  described  by  Mr.  Poole. 

The  output  of  these  mines  is  very  large,  and  1300  boxes  of  1650 
lbs.  have  been  passed  over  two  screens  in  ten  hours.  The  screens  are 
six  feet  wide,  and  are  fixed  at  an  angle  of  about  thirty  degrees.  The  bars 
are  ten  feet  long,  of  oiie*inch  square  iron  set  on  edge,  and  spaced  three- 
quarters  of  an  inch  apart.  The  speed  of  the  coal  sliding  over  the  bars 
is  regulated  by  a  stop  door  above  the  screen  bars,  hiuired  at  the  top,  and 
held  by  a  lever  by  which  the  door  can  be  opened  as  much  as  is  necessary 
to  run  the  coal  over  the  bars  at  the  required  speed.  By  keeping  the 
shute  full  above  the  stop  door,  the  coal  is  not  broken  much  by  bi-ing 
stopped  in  that  manner.  Below  the  bars  is  a  long  apron  running  out 
to  a  flat  angle  on  which  the  coal  rests,  where  it  is  thoroughly  picked  by 
men  handling  it  over  with  hoes.  With  careful  work  Spring  Hill  coal 
can  be  well  screened  without  much  breakage,  although  it  is  one  of  the 
tenderest  coals  in  the  Province.  The  slack  is  run  into  cars,  and  is 
then  taken  to  a  large  revolving  screen  if  required  to  be  further 
separated  into  nut  and  culm.  ^ 

This  screen  was  erected  last  year  and  has  a  capacity  of  over  400  Ums 
in  ten  hours  (it  has  screened  516  tons  in  that  time)  ;  it  is  20  ft.  long 
and  5  ft.  in  diameter.  The  coal  is  hoisted  by  an  endless  chain  of  buck- 
ets 40  ft.  from  a  hopper  under  the  track,  and   may  be  separated  into 
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four  different  sizes  if  required.  The  different  sizes  drop  into  separate 
bins,  and  are  thence  run  into  oars  as  required.  The  cost  of  screening 
at  the  Rotary  is  about  6  cts.  per  ton,  including  shunting  of  cars. 

The  modified  Rigg's  system  of  screening  finally  adopted  by  Mr.  Mc- 
Lennan is  essentially  identical  with  a  system  in  common  use  at  the 
collieries  on  the  Kanawha  River,  West  Virginia. 

In  that  district  the  Mount  Carbon  Coal  Co.  has  a  most  ingenious 
"  coal  transfer  "  or  wharf  for  loading  their  coal  (which  is  very  easily 
broken)  into  barges,  at  the  greatly  varying  heights  of  water  in  the  river. 
This  wharf,  which  is  very  cheaply  and  sub-^tantially  constructed,  has  a 
capacity,  it  is  stated,  of  about  400  tons  per  hour.  It  breaks  the  coal 
has  than  any  other  system  the  writer  has  seen,  and  is  a  very  chciap  one 
for  even  small  shipments.  It  is  fully  described  in  the  Transactions  of 
the  American  In>ititute  of  Mining  Engineers,  1888,  but  a  short  descrip- 
tion of  it  will  not  be  out  of  place  here.  It  is  a  simple  application 
of  a  flexible  steel  belt  4  ft.  wide,  with  6  inch  flanges,  and  of  the 
required  length  between  sprocket  wheels  to  suit  different  heights  of 
vessel  or  water  without  being  so  steep  as  to  allow  the  coal  to  move  on 
it.  The  motive  power  is  a  small  stationary  engine,  an'l  the  belt  vir- 
tually draws  the  coal  from  the  open  hopper  of  the  car  and  carries  it  to 
the  vessel.  The  outer  end  of  the  belt  is  raised  or  lowered  (being 
pivoted  at  the  inner  sprocket  wheel)  to  suit  varying  8tages  of 
the  water.  This  system  is  being  rapidly  adopted  in  the  '*  New  South,'' 
where  coal  is  required  to  be  handled  without  break  ige.  The  Cumber- 
land Railway  and  Cojil  Company  are  preparing  to  erect  a  similar  wharf 
ac  Pugwash,  for  loading  into  all  classes  of  vessels  for  the  St.  Lawrence 
trade. 

Mr.  E.  Gilpin  said  that  in  Nova  Scotia  for  many  years  the  distinction  Mr.  Gilpin, 
between  round  and  slack  coal  was  an  arbitrary  one.  The  screens  at 
all,  or  nearly  all,  the  collieries  being  made  with  bars  f  of  an  inch 
apart,  in  order  that  the  requirements  of  the  royalty  clauses  of  the 
Mines  Act  might  be  most  readily  complied  with.  The  law  required  a 
payment  of  6d  (9.7  cents)  per  ton  of  2240  lbs.  on  all  unscreened  or 
round  coal,  i.e,,  coal  th  it  had  not  passed  between  the  bars  of  a  screen 
placed  f  of  an  inch  apart.  In  the  earlier  days  also  nothing  but  lump 
coal  was  considered  marketable  for  general  purposes.  In  the  Block 
House  pit.  Cape  Breton,  gas  coal  was  riddled  in  the  pit  through 
riddles  having  ^  inch  meshes,  and  passed  without  the  formal  screening 
direct  to  the  vessel,  the  saving  in  time  and  expense  compensating  for 
the  increased  amount  of  royalty  paid.     At  other   Cape  Breton  mines 
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riddled  coal  was  banked  ont  during  the  winter,  and  when  screened 
in  the  spring  was  found  to  have  made  nearly  as  much  more  slack. 
The  result  of  the  adaptation  to  market  purposes  of  the  size  of  finch, 
as  distinguishing  slack  from  round  coal,  has  been  that  hundreds  of  thou- 
sands of  tons  of  nut  coal,  equal  to  round  for  nearly  every  purpose,  have 
been  thrown  away  and  irrevocably  lost. 

His  experience  has  been  that  at  Nova  Scotia  collieries,  under  ordi- 
nary circumstances,  steam  can  be  as  quickly  raised  and  as  readily 
maintained  by  slack  coal  as  by  the  more  costly  fuel.  The  Provincial 
Insane  Asylum,  under  the  charge  of  the  Works  and  Mines  Depart- 
ment, has  for  a  number  of  years  used  culm  from  Pictou  for  boilers, 
for  pumping  and  steam  heating,  widi  the  most  satisfactory  results. 
Several  plans  have  been  tried  with  more  or  less  success  for 
screening,  in  addition  to  those  referred  to  by  Mr.  Mc'Lennan.  Doors 
are  put  across  the  screens,  so  that  the  coal  can  pass  over  them  at  the 
speed  and  in  the  amounts  desired  by  the  screeners.  A  flat  plate  at  the 
foot  of  the  screens  often  receives  the  coal  which  undergoes  a  final  clean- 
ing, and  then  the  plate,  turning  by  a  lever,  falls  into  the  coal  car. 

Underneath  the  round  coal  screen,  attempts  have  been  made  to  sep- 
arate the  nut  and  culm  by  means  of  square-meshed  iron  wire  screens 
having  a  lateral  shaking  motion.  At  Spring  Hill  a  separation  into 
three  classes  of  small  coal  has  been  satisfactorily  effected  by  a  revolv- 
ing screen  taking  the  coal  from  an  endless  bucket  rope.  Qreat 
trouble  is  experienced  in  screening  wet  or  damp  coal,  especially  when 
the  operation  is  performed  while  the  temperature  is  several  degrees 
below  freezing  point.  The  shape  of  the  small  pieces  into  which  the  coal 
of  any  particular  seam  breaks  is  also  an  item  to  be  observed,  for  with 
some  coab  longitudinal  screens  will  take  out  more  slack  than  square- 
meshed  screens  of  relatively  greater  area. 

He  believes  that,  at  the  present  stage  in  the  preparation  and 
use  of  coal,  a  good  nut  coal  gives  the  greatest  satisfaction  to 
buyers  for  all  steam  and  domestic  purposes.  The  great  object  of  coal 
producers  is  the  introduction  of  a  satisfactory  system  of  burning 
slack  coal.  At  the  mine  the  object  should  be  to  ship  all  the 
coal  that  is  raised  for  the  market  as  well  cleaned  as  possi- 
ble. At  the  market  the  lumps  could  be  separated  down,  say,  to  stove 
size,  and  sold  for  domestic  grates,  etc.  Then  the  resulting  coal  could 
be  separated  into  nut  for  ranges,  small  stoves,  etc.,  and  pea  and  culm 
for  factories,  etc.  If  this  could  be  done  the  problem  of  screening  would 
be  immensely  simplified,  and  the  sale  of  the  small  coal,  now  thrown  away, 
would  represent,  in  many  cases,  a  handsome  profit,  and  lessen  the 
inroads  on  the  solid  coal  reserves  of  the  mines. 
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Mr.  H.  S.  Poole  said  that  Mr.  McLennan  almost  implied  that  the  Mr.  Poole, 
credit  of  one  of  the  designs  he  d&scribed  is  due  to  him,  but  that  he 
cannot  claim  anything  more  than  the  simplification  of  a  few  details,  e,  g,, 
the  removal  from  the  outer  end  of  the  A  screen  apron  of  a  door,  which  on 
descending  is  opened  by  a  catch  striking  a  projection.  As  contrived  the 
latch  did  not  always  close,  and  the  improvement  consisted  in  substituting 
and  so  adjusting  a  fixed  stop  over  the  aproo,  that  the  increased  distance 
for  the  coal  to  slide  from  the  stop  outwards,  allowed  sufficient  time  for  the 
apron  to  descend  and  come  in  contact  with  the  main  screen  before  the 
released  coal  could  pass  over  the  end.  Another  minor  detail  was  in 
substituting  curved  bars,  at  the  bottom  of  the  receiving  dead  plate,  for 
straight  bars  which  were  liable  to  be  choked  by  fragments  of  coal  fall- 
ing on  them  vertically  and  wedging  between  them.  And  yet  again,  by 
oontroUini;  the  movement  of  the  aprons  by  friction  merely  instead  of 
by  rack  and  pinion. 

The  objects  of  the  arrangements  described  are,  as  Mr.  McLennnn 
says,  to  size  the  coal  and  separate  the  good  from  the  u  nsaleable  bone  coal 
and  stony  shale,  etc. ;  and  yet  the  more  complicated  must  appear  very 
simple  to  :iny  one  familiar  with  the  elaborate  structures  and  appliances 
known  as  "  breakers  "  in  the  anthracite  region  of  Pennsylvania,  erected 
for  the  same  purposes.  The  anthracite  being  hard  withstands  the  exces- 
sive handling  necessary  to  effect  t^e  perfect  sizing,  and  justifies  the 
great  expenditure  incurred  in  its  preparation  for  market,  while  the 
friable  nature  of  most  of  the  varieties  of  bituminous  coal  does  not  per- 
mit of  the  same  treatment  being  extended  to  them.  Nor  would  careful 
sizing  be  of  use  in  any  variety  that  agglutinated  under  the  boiler,  and 
required  after  this  change  has  taken  place  the  use  of  the  slice  to  open 
up  the  fires. 

It  may  even  be  questioned  whether,  in  some  cases,  it  is  not  useless  to 
extract  the  small  coal  and  dust  made  in  mining  and  in  handling  in  the 
pit,  since  the  coarser  portion  separated  by  screening  is  immediately  after 
exposed  to  still  greater  abrasion  and  pulverization  by  falling,  first  some 
5  or  6  feet  into  wagons  or  cars,  and  from  them  into  the  holds  of  ships, 
dropping,  it  may  be,  20  or  even  30  feet,  shovelled  over  by  the  trimmers, 
shovelled  into  tubs  at  the  port  of  discharge,  dumped  into  carts,  thence 
into  heaps  and  the  subsequent  handling  familiar  to  consumers.  Those 
varieties  of  soft  coal,  however,  which  do  not  possess  the  property  of 
caking  under  heat,  and  are  compact,  and  which  are  in  demand  for 
grate  purposes,  may  justify  greater  care  in  preparation.  With  ordinary 
soft  coal  it  may  be  doubted  whether  screening  beyond  so  much  of  the 
process  as  consists  m  picking  out  the  mixed  stone  and  mferior  coal 
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is  worth  the  oost,  at  least  when  the  coal  is  subseqaentlj  to  be  exposed 
to  several  rough  handlings  before  it  reaches  the  consumer. 

To  clean  the  coal  more  thoroughly  than  the  ordinary  screen  permits 
of,  mined  coals  are  in  some  localities  crushed  and  washed,  the  separa- 
tion being  effected  by  a  pulsating  upward  current.  Or  the  cleaning  ia 
attained  by  hand  picking  from  tables,  either  circular,  which  are 
made  to  slowly  rotate,  or  in  the  form  of  continuous  bands  which  slowly 
pass  before  the  pickers. 

Mr.  Routledce  Mr.  Routledge  said  that  from  what  he  has  seen  of  the  Billy  Fairplay 
system  of  screening  coals,  adopted  at  Sydney  mines,  he  believes  it  is 
the  most  perfect  and  honest  system  for  lessening  the  quantity  of  slack 
in  working  coal  which  has  yet  been  adopted.  The  employer  pays  only 
for  large  merchaotable  coal ;  the  honest  and  careful  nimer,  by  keeping 
his  working  low,  sheaving  it  narrow,  and  studying  the  proper  applica- 
tion and  quantity  of  powder  to  use,  makes  considerably  more  large  coal 
than  big  careless  fellow-workman,  and,  what  is  more,  the  less  powder 
used  the  more  merchantable  will  coal  be  delivered  at  its  destination. 
His  knowledge  of  Billy  Fairplay  screening  goes  back  for  a  period  of 
perhaps  28  years,  when  he  saw  it  first  adopted  by  the  present  Sir  George 
Elliott  at  the  old  Durham  oollieries  in  England. 
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THE  MANUFACTURE  OF  NATURAL  CEMENT, 

As  OARBn:i)  on  at  the  Napanie  Mills,  Ontabio. 

By  M.  J.  BuTLBB,  M.Can.SocC.E. 

The  Geological  Report  of  the  State  of  New  Tork,  1839.  contains  aa 
analysis  of  "  Manlius  Hydraulic  Limestone,"  stating  at  the  same  time : 
''  This  stone  belongs  to  the  same  bed  which  yields  the  hydraulic  cement 
obtained  near  Kingston,  Upper  Canada."  As  the  only  bed  of  hydraulic 
limestone  found  near  Kingston  is  the  one  at  Napaoee  Mills,  there  can. 
be  no  doubt  but  that  it  is  the  one  referred  to. 

It  was  not,  however,  until  the  year  1867  that  anything  was  done 
towards  working  the  bed,  when  Mr.  H.  M.  Wright,  a  lumber  merchant, 
acquired  the  quarry  and  had  one  or  two  kilns  built  at  the  qu  irry  site. 
The  mill  for  grinding  the  stone  and  the  cooperage  works  for  the  manu- 
ficture  of  the  barrels  were  built  at  Napanee,  six  miles  distant,  where 
convenient  facilities  for  shipping  by  boat  or  rail  were  to  be  had,  the 
burnt  rock  being  teamed  from  the  quarry  to  the  mill.  Messrs.  Wright 
&  Co.  produced  a  fairly  good  quality  of  cement,  supplying  the  local 
demand  for  a  cement  for  cellar  floors,  cisterns,  dams,  etc. ;  they  sold 
out  to  Qeorge  Lasher  h  Co.  in  1874,  who  carried  on  the  cement  and 
lime  business  for  six  years. 

In  1880  the  Napanee  Cement  Co.  (Lmtd.)  was  incorporated,  buying 
the  mill  and  cooperage  works  at  Napanee,  and  arranging  with  Mr. 
Lasher  to  supply  the  burnt  rock  to  the  mill  at  a  stated  price  per  ton. 
This  arrangement  proved  very  unsatisfactory  to  the  Cement  Co.  In 
1883  the  cement  was  so  very  bad,  that  it  was  felt  that  something  had 
to  be  done  to  improve  the  quality. 

The  writer  was  requested  by  the  manager  to  make  an  examination 
of  the  qusirry,  mill,  method  of  burning,  grinding,  etc.  On  examina* 
tion  it  was  found  that  the  stripping  (consisting  chiefly  of  a  loose  shale) 
and  aU  other  rock,  just  as  it  came  handy,  without  r^i^ard  to  size,  quality 
er  anything  else,  was  alike  dumped  into  the  kilns  to  be  burned  for 
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about  24  boars.     At  tbe  mill  tbe  grinding  was  loosely  and  carelessly 
done,  one  bnrrstone  alone  turning  out  130  barrels  per  day. 

A  report  was  made  setting  forth  the  facts  and  advising  a  careful  test' 
of  each  layer  in  the  quarry  by  itself;  some  to  be  underburnt,  some  to 
tlie  point  of  vitrification,  some  intermediately.  Attention  was  particu- 
larly requested  to  getting  the  grinding  as  fine  as  possible  8o  as  to 
retain  not  more  than  t«nper  cent,  on  a  2,500  mesh.  Tho  purchase  of  a 
testing  machine  was  advised.  It  was  thought  that  in  this  way  the 
best  cement  mijht  be  had  that  the  quarry  was  capable  of  producing. 
Some  time  in  1884  the  manager  died ;  after  which  the  company  was 
re-organized.  A  new  manager  of  works  was  secured,  and  the  work 
of  real  improvement  was  energetically  taken  in  hand,  and  is  still  being 
carried  on. 

In  1886,  owing  to  the  construction  of  the  Napanee,  Tamworth  and 
Quebec  Eailway,  which  passes  close  to  the  quarry,  it  was  thought  best 
to  build  a  new  mill  at  the  quarry  site.  Before  doing  so,  however,  the 
Cement  Co.  had  a  series  of  careful  and  thorough  tests  of  every 
layer  in  the  quarry  made  by  an  expert  in  the  cement  business 
from  the  United  States ;  his  report  advised  the  using  of  certain  layers 
aggr^ating  some  5^  feet  in  depth . 

The  mill  is  built  of  stone  40  x  80  feet,  three  stories  in  height  with  an 
enprine  and  boiler  room  40  x40  feet,  also  of  stone,  one  story  in  height, 
containing  an  engine  of  40  H.  P.  and  two  horizontal  tubular  boilers. 
South  of  the  main  building  and  70  feet  distant  is  the  stave  preparing 
mill  30  X  80  feet,  built  of  brick.  One  hundred  feet  to  the  east  of  the 
main  building  is  the  barrel  factory  30  ft.  by  50  ft.,  also  of  brick.  The 
kilns,  of  which  there  are  three,  lie  abont  200  ft.  north  of  the  main  build- 
ing. They  are  of  the  continuous  burning  type,  with  two  doors  for 
firing  purposes  and  one  door  for  withdrawing  the  charge. 

Process  of  iM anupacturb  : — The  rock  is  broken  into  pieces  of 
tolerably  uniform  sizes,  averaging  about  -^  to  ^^y  of  a  cubic  foot  each, 
loaded  into  carts,  hauled  to  the  top  of  the  kilns  aid  dumped  into 
them.  There  are  three  continuous  kilns  fired  on  two  sides ;  each  kiln 
holding  sufficient  rock  to  make  about  150  barrels  of  cement.  The 
charge  is  withdrawn  about  every  eight  hours,  depending  somewhat  on 
the  weather,  the  foreman  and  attendant  judging  from  the  appearance 
of  the  stone  the  sufficiency  of  the  burning.  It  requires  about  half  a 
cord  of  soft  wood  to  each  ton  of  cement.  As  fast  as  the  charge  is 
withdrawn  at  the  base  of  the  kiln,  it  is  loaded  into  an  iron  oar,  and 
hauled  by  a  wire  rope  up  an  incline  to  the  third  floor  of  the  building. 
Here  it  is  dumped  into  a  conical  box  which  feeds  by  gravity  into  a  rock 
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breaker,  and  slowly  tumbles  down  to  the  second  floor  where  it  reaches  the 
finders,  about  the  size  of  beans.  The  grinders  are  the  ordinary 
French  burrstones.  It  is  then  ground  and  passed  to  bolters  that  are  at 
present  1,600  meshes  to  the  square  inch.  A  finer  bolting  cloth  2,500 
meshes  was  tried,  but  was  found  to  clog  with  the  finer  particles  attaching 
themselves  to  the  wire.  The  residue  from  the  bolters  is  returned  to  the 
stones  and  reground.  Numerous  tests  show  that  a  2,500  mesh  stan- 
dard sieve  will  retain  barely  10  per  cent.  After  leaving  the  grindei-s 
the  cement  drops  on  the  first  floor,  where  it  is  allowed  to  cool  on  an 
average  for  about  two  weeks  before  being  barrelled.  A  series  of  tests  are 
made  from  each  burning,  the  procedure  in  preparing  the  samples  being 
that  recommended  by  the  Committee  on  cement  testing  of  the  Amer- 
ican Society  of  Civil  Engineers,  the  object  of  the  tests  being  to  insure 
a  uniform  article. 

For  convenience  of  reference  and  comparison  tables  of  analysis  and 
strength  are  appended,  see  pages  102  and  103. 

It  is  not  quite  snch  a  simple  a  m:itter  as  it  appears  to  prepare  bri- 
quettes properly  for  the  testing  machine.  To  be.s;in  with,  the  quantity  of 
water  used  exercises  a  most  important  influence,the  mortar  should  be  very 
sti£f  and  be  firmly  pressed  into  the  mould  so  as  to  exclude  all  air,  the 
operations  should  be  performed  quickly,  the  sample  should  rest  on  an 
impervious  plate,  glass  being  probably  as  good  as  anything.  When  the 
mould  is  filled,  it  should  be  struck  o£f  evenly  with  a  trowel,  and  be  leflb 
quietly  for  a  short  time  before  attempting  to  remove  the  sample  from 
the  mould,  the  slightest  disturbance  at  this  stas^e  materially  interfering 
with  the  proper  setting  of  the  briquette.  After  the  sample  has  set  in  air, 
usually  one  hour  being  required,  it  should  then  be  carefully  removed 
from  the  mould  and  placed  in  water,  where  it  should  remain  until  the 
expiration  of  the  time  fixed  for  breaking. 

Once  it  is  placed  in  the  testing  mnchine  the  load  should  be  applied 
steadily,  quietly^  and  without  jerking  up  to  the  breaking  limit. 
Although  every  care  may  be  exercised  in  the  preparation  and  mani- 
pulation of  the  samples  under  test,  it  will  be  found  that  they  do  not 
break  with  uniformity,  and  it  is  only  by  taking  the  average  of  a  number 
of  samples  that  anything  like  a  correct  result  can  be  arrived  at. 

Having  secured  a  high  tensile  strength,  as  evidenced  by  the  testing 
machine,  the  question  is,  have  we  a  cement  that  is  going  to  prove  itself 
reliable  when  subjected  to  the  test  of  time  and  the  elements  ?  Is  there 
any  connection  between  high  tensile  strength  and  good  reliable  wearing 
properties?  Have  the  cements  that  show  a  high  tensile  strength  proved 
themselves  better  under  use  than  the  natural  cements  ?     Is  it  not  a  fact 
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that  the  oements  which  give  saoh  a  high  tensile  strength  grow  brittle 
with  age,  and  crack  and  peel  off?  Witness  the  cement  walks  wherever 
laid,  the  pointing  in  any  old  bridge  witli  the  higher  testing  Portland 
cements,  they  will  be  found  full  of  cracks  and  scales  which  can  be  readily 
picked  off.  Although  it  is  very  hard,  it  is  brittle,  whereas  when  we  come 
to  examine  any  old  work  laid  up  with  the  natural  cements,  we  rarely 
find  cracks  or  other  signs  of  disintegrution.  The  variety  and  extent  of 
the  works  in  existence,  built  entirely  with  the  natural  cements,  show 
their  good  lastins;  qualities ;  witness  the  Erie  Canal,  the  high  bridge  on 
theCroton  Aqueduct,  and  innumerable  other  works  of  great  ma.;nitude. 
The  writer  has  used  in  one  season  over  10,000  barrels  of  natural 
cement  from  Louisville,  Milwaukee  and  Utica,  on  foundations  in  cais- 
sons, on  well  work  and  in  other  trying  situations  without  an  instance  of 
failure. 

At  Napanee  Mills,  the  Napanee  Paper  Co.,  Limited,  put  in  some  three 
or  four  tanks  of  large  size,  and  lined  them  with  the  Napanee  cement, 
about  ten  or  twelve  years  ai^,  which  are  perfectly  water-tight,  the  cement 
having  set  as  hard  as  limestone  rock.  At  Gananoque  the  daois  and 
canals  of  the  Gananoque  Water  Power  Co.  are  all  grouted  with 
Napanee  cement,  some  of  it  having  been  in  use  eight  or  nine  years. 

In  18S3  the  writer  was  present  at  the  tearing  down  of  an  old  head 
gate  which  fhad  partially  rotted  out,  and  it  became  necessary  to  cut 
away  some  posts  that  had  been  grouted  in.  It  actually  took  two  good  men 
one  day  to  pick  out  a  post  8"  x  8"  x  7  feet,  showing  how  hard  the 
cement  had  become.  These  dams  are  all  water-tight,  and  the  cement 
is  very  hard. 

At  Deseronto,  about  five  years  ago,  the  foundations  for  a  heavy  gas- 
ometer, requiring  to  be  perfectly  water-tight,  were,  with  much  misgiving 
on  the  p:irt  of  the  superintendent,  put  in  with  a  concrete  composed  of  two 
parts  sand  to  one  of  Napanee  cement  and  three  parts  broken  limestone. 
Not  one  cent  has  ever  been  expended  for  repairs,  and  the  concrete  is  now 
in  first-class  order  without  a  crack.  On  the  Grand  Trunk  Railway 
bridges,  on  the  canals  and  other  public  works  of  the  Governmant, 
many  thousand  barrels  have  been  used,  all  giving  great  satisfaction.  If 
too  much  water  or  sand  is  used  the  mortar  will  of  course  be  weakened, 
but  when  such  a  record  as  the  above  can  be  shewn  from  the  old  cement, 
tliere  is  no  doubt  but  that  the  cement  now  being  turned  out  is  a  first 
rate  reliable  natural  cement^  as  good  as  can  be  ordinarily  secured  in 
any  of  the  quarries  in  use. 

E.  J.  Dc  Smedt,  chemist  to  the  District  of  Columbia,  U.  S.,  says :  ''  A 
limestone  such  as  dolomite,  containing  46  per  cent,  of  magnesia, has  been 
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pronounced  unfit  for  making  good  cement ;  but  when  the  percentage  of 
magnesia  is  not  too  large,  it  becomes  in  time  just  as  hard  as  a  cement 
containing  no  magnesia,  with  this  difference,  that  it  is  somewhat  slow  in 
setting.  In  sea  water  containing  magnesia  such  cement  should  be  pre- 
ferred, for  the  reason  that  it  does  not  disintegrate  in  that  water/' 
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DISCUSSION. 

Mr.  Hannaford.  ^f*  Hannaford  Said  his  experience  with  natural  cements  was  not 
so  favourable  as  with  artificial  cements,  and  that  with  the  former  the 
bulk  was  often  inferior  to  the  samples.  In  explanation  of  this,  it 
may,  and  no  doubt  does,  arise  from  the  fact  that  the  stone  from 
which  natural  cement  is  manufactured  is  in  beds,  adjacent  and  mixed 
with  ordinary  limestone,  and  that  the  assorting  of  the  one  from  the 
other,  and  the  selection  of  the  natural  cement  stone,  even  within  its 
own  compass,  requires  the  most  careful  attention  of  experts,  and 
that  when  a  demand  is  made  upon  natural  cement  works  for  a  large 
supply,  it  is  reasonable  to  suppose  that  the  selection  of  the  stone  is 
apt  to  be  hurried  ;  but  be  that  as  it  may,  his  experience  has  been  that 
as  a  rule  natural  cements  do  not  hold  their  character  throughout 
bulk,  like  artificial  cement,  and  hence  in  carrying  out  works 
(especially  under  contract)  this  element  affords  much  anxiety. 

But  assuming  that  the  difficulty  above  mentioned  may  be  over- 
come by  care  in  selection  and  systematic  manufacture,  this  process 
means  additional  cost ;  still,  even  so,  can  the  output  of  natural  cement 
meet  the  market  demand,  and  is  it  equal  to  the  artificial  cements  ? 

He  was  unable  to  give  a  reply  to  the  first  query.  There  are 
several  natural  cement  works  in  Canada,  and  all  alike  praise  their 
output ;  but  in  regard  to  equality  with  artificial  cements,  his 
experience  has  been  that  none  of  them  are  to  be  relied  upon  in  bulk 
for  doing  work  equal  to  artificial  cement.  Artificial  cement  (Portland) 
has  the  qualities  of  quick  setting,  great  cohesion,  and  resistance  of 
sea  water  beyond  all  others,  whilst  it  can  be  used  freely  with  water 
to  form  "  grout,"  which  natural  cements  cannot  be,  and  whilst  water 
may  be  used  freely  with  artificial  cement,  it  must  be  used  sparingly 
with  natural  cements. 

In  the  way  of  concrete  his  experience  has  been  that  artificial 
cement  was  preferable  to  natural  cement,  and  that  he  had  failed  to 
obtain  results  of  hard  setting  in  water  from  natural  cement,  whilst 
in  sea  water  it  refused  to  set.  Ho  had  used  natural  cement  in 
concrete  but  invariably  laid  in  air. 
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Mr.  W.  B.  Gower  thought  that  Mr.  Hannaford's  claim  as  to  theMr.a<mw. 
unreliabilitj  of  the  cement  was  fully  borne  out  by  the  figures  given 
by  Mr.  Butler,  who  gave  7  days'  test  at  90  lbs.,  one  month's  at  140, 
and  6  months'  at  280.  The  figure  given  by  Mr.  Bra  vender  showed  a  7 
days'  test  at  135  lbs.  and  a  27  days'  test  at  200  lbs. ;  but  on  referring 
to  a  paper  read  before  the  Society  by  Mr.  Rust,  on  the  Construction 
of  Sewers  in  Toronto,*  he  found  the  results  of  tests  of  Napanee  cement 
showed  for  a  6  days'  test  39  lbs.  per  sq.  in.  only,  and  a  30  days'  test 
76  lbs.  only  ;  these  figures  were  considerably  less  than  50%  of  those 
given  by  either  Mr.  Bra  vender  or  Mr.  Butler.  He  thought  there  was 
no  doubt  that  Canadian  cement  could  be  made  to  stand  a  very 
high  test,  although  he  had  not  arrived  at  the  figures  given  by  the 
gentleman  who  said  that  he  had  tested  the  Hull  cement  and  had 
attained  the  result  of  676  per  sq.  inch  for  7  days.  He  understood 
that  the  highest  test  cements  known  at  present  were  German 
cements,  and  for  a  7  days'  test  these  did  not  attain  the  figures  of  the 
Hull  test.  In  February,  1889,  he  tested  four  briquettes  of  artificial 
cement,  and  the  result  was  from  325  to  219  lbs.,  one  giving  a  very 
low  test,  the  average  being  292  lbs.  for  a  7  days'  test. 

Mr.  Eeid  said  it  would  not  be  prudent  for  him  to  say  much  about  Mr.  field, 
the  quality  of  cement  made  in  different  parts  of  Canada.  There 
could  be  no  doubt  that  there  was  an  abundance  of  suitable  material 
here.  The  first  Portland  cement  he  made  was  in  1869  in  Halifax, 
N.  S.  Material  there  was  abundant  and  fuel  cheap.  A  quantity  of 
cement  was  then  being  sent  out  by  the  British  Government  for  the 
harbour  fortifications,  and  he  made  some  native  cement  and  subjected 
it  to  a  test  made  by  the  Royal  Engineers,  then  stationed  there.  At 
that  time — 21  years  ago— Portland  cement  was  scarcely  known  in 
Montreal,  and  comparatively  little  of  it  was  used  in  New- York.  He 
commended  Mr.  Thos.  Arnold's  method  of  testing  samples : — ^Each 
of  his  small  briquettes  contained  135  grammes  of  cement  compressed 
into  a  dry  mould  by  screw  pressure,  which  were  then  treated  in  water. 

Mr.  Dodwell  considered  that  one  of  the  most  important  features  Mr.  i>odweU. 
in  the  cement  discussion  was  the  desirability  of  a  uniform  system  of 
testing.     The  want  of  such  a  system    has  been  one   of  the  great 
defects  and  difficulties  in  comparing  tests  of  one  cement  with  that  of 
smother,  the  systems  of  testing  having  been  dissimilar,  and  anything 

*  "  Construotion  of  Toronto  Sewers/'  by  G.  H.  Bast    TnuieaeUons.  Vol.  II,  mure  902. 
November,  1888. 
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that  would  tend  towards  uniformity  in  the  testing  of  cement  would 
be  of  very  great  advantage. 

Prof.  McLeod.  Professor  McLeod  asked  if  in  the  method  mentioned  by  Mr.  Reid 
the  pressure  was  uniform  ? 

Mr.  Beid.  Mr.  Beid  said  the  pressure  was  uniform,  because  the  plunger  was 

made  precisely  to  fit  the  briquette,  and  when  pressed  down  level  it 
left  exactly  the  space  of  one  inch. 

Prof.  McLecd.  Professor  McLeod  understood  the  pressure  was  measured  in  that 
way  by  the  volume  which  the  powder  occupied. 

Mr..seid.  Mr.  Beid  said  that  a  briquette  mould  would  contain  135  grammes 

under  certain  pressure,  and  that  this  could  not  be  overdone  or  over- 
strained so  that  there  was  uniformity  in  every  briquette ;  a  little  tray 
filled  with  water  was  used  in  which  the  briquettes  were  placed. 

Prof.  MoLecd.  Professor  McLeod  thought  different  cements  would  have  different 
gravities,  and  it  could  not  be  expected  that  the  same  weight  would 
always  occupy  the  same  volume. 

Mr.  Dodweii.  Mr.  Dodwell  did  not  think  the  Arnold  system  was  quite  free  from 
objections  in  some  points,  but  the  great  point  was  that  if  it  could  be 
universally  introduced  as  a  standard  of  cement  testa,  that  would  be 
sufficient,  as  results  would  then  be  comparable,  and  the  objections 
would  be  of  no  moment. 


Mr.  Hopkins. 


M".  Rold. 


Mr.  Irwin. 


Mr.  Hopkins  considered  that  if  there  was  a  good  deal  of  material 
containing  iron  ore  it  was  better  by  not  being  tested  in  amounts  of  135 
grammes  as  the  density  would  not  be  as  great.  That  seemed  to  him  to 
be  the  chief  objection,  because  of  the  testing  by  the  same  unit  of 
weight  instead  of  volume. 

Mr.  Beid  asked  if  that  would  not  be  apparent  in  the  result  of  the 
briquette  test  ? 

Mr.  Irwin  said  in  any  case  cement  was  sold  by  the  barrel,  and  ito 
value  determined  by  volume  instead  of  by  weight.  He  considered  a 
good  testing  machine  was  much  required. 
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Professor  MoLeod  said  he  had  asked  the  question  because  he  Prof.  McLeod. 
thought  that  possibly  there  was  some  arrangement  in  Arnold's  test, 
whereby  a  uniform  pressure  was  obtained  independent  of  volume.  If, 
for  example,  the  pressure  were  exerted  against  a  spring,  it  would 
always  be  the  same,  and  the  briquette  subjected  to  the  same  pressure. 
He  could  easily  imagine  some  little  adaptation  for  measuring  pressure 
which  would  overcome  the  difficulty  mentioned. 

Mr.  Dodwell  said  the  result  of  the  method  of  compressing  a  Mr.  DodweiK 
briquette  into  a  certain  size  would  favour  a  light  and  a  finely 
ground  cement.  A  higher  tensile  strength  would  be  obtained  with  a 
fine  rather  than  with  a  coarse  cement.  The  more  a  cement  was  com- 
pressed into  a  briquette  the  greater  would  be  the  tensile  strength  re- 
sulting. 

Mr.  Reid  did  not  agree  with  this.     When  cement  was  in  rougher  Mr.  Reid. 
particles   it  possessed  some  solidity,  and  when  it  was  pressed  in  by 
the  mechanical   process  mentioned  there  was  a  tendency  to  give  it  a 
uniform  density. 

Mr.  Blackwell  considered  the  machine  would  insure  the  briquette  Mr.  Biackweli 
being  filled  at  a  certain  pressure. 

Mr.  Qower  said  it  also  insured  the  pressure  being  distributed  all  Mr.  Gowor. 
over  the  briquette,  which  was  not   accomplished  by  the  use  of  the 
trowel.  If  it  was  required  to  increase  the  tensile  strength  per  square 
inch,  hammering  was  resorted  to,  and  the  more  it  was  hammered 
the  greater  the  result  obtained. 

Professor  McLeod  mentioned  another  objection  to  this  method  p*'®'- McLeod. 
of  testing.  He  thought  that  material  should  be  tested  as  far  as  pos- 
sible under  conditions  similar  to  that  under  which  it  was  going  to  be 
used.  It  did  not  seem  to  him  that  this  was  a  condition  similar  to 
that  under  which  the  cement  would  be  used ;  the  old  method  of 
testing  was  more  in  aoordance  with  what  the  cement  would  be  called 
upon  to  do  in  actual  work. 

Mr.  McLea  Walbank  did  not  understand  what  the  method  was  of  *''•  ^»")ank. 
testing  the  special  brands  of  cement  for  comparison ;  but  in  his  opin- 
ion cement  should  be  tested  barrel  by  barrel  as  used.  Mr.  Eeid's  test 
would  be  a  fair  one,  because  the  same  brand  would  in  nearly  every 


Mr.  Irwin. 
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case  be  used  throughout  the  works,  and  the  oonsistency  or  specific 
gravity  would  be  practically  the  same.  It  would  be  cumbrous  to 
transport  a  testing  machine  as  large  as  six  feet  square. 

Mr.  Irwin  understood  Mr.  Beid's  method  was  for  getting  the 
cement  into  shape,  and  not  with  regard  to  the  form  of  the  testing 
machine. 


Mr.  WaibABk*      Mr.  Walbank  considered  that  every  barrel  should  be  tested. 

Mr.  Gower.  Mr.  G^ower  observed  that  to  do  this  with  a  7  days'  test  all  the 

shipment  would  be  used  up  before  obtaining  the  result.  He  said 
that  tests  of  Thorold  cement  gave  42  lbs.  6  days  in  water,  85  lbs.  in 
30  days. 

Mr.  Dodwell.  Mr.  Dodwell  said  the  tests  recorded  in  the  paper  and  in  the  dis- 
cussion varied  very  much,  from  39  lbs.  to  90  and  135  lbs.  He  consi- 
dered cement  that  varied  so  widely  to  be  unreliable. 

Mr.  Irwin.  Mr.  Irwin  said  his  experience  with  Thorold  cement  was  that  it 

contained  an  excess  of  lime. 


Mr.  Hopkins,  Mj,  Hopkins  stated  that  he  had  seen  cement  used  in  very  cold 
weather  on  bridge  masonry,  the  low  temperature  making  no  difference 
so  long  as  the  cement  did  not  thaw  out. 

Mr.  Dodwell.  Mr.  Dodwell  observed  that  he  had  often  used  Portland  cement 
for  masonry,  wheo  the  temperature  was  10°  below  zero  Fabr.,  the 
centent  and  the  joints  proving  as  hard  as  if  laid  in  summer.  If  it 
should  thaw  before  setting  then  the  cement  would  be  impaired. 

Mr.  Walbank.  Mr.  Walbank  said  he  had  used  Portland  cement  at  the  Grande 
Mare  Falls  on  the  St.  Maurice  river  at  20°  below  zero  Fahr.  There 
was  a  very  heavy  wall  over  20  ft.  wide  at  base  to  dam  a  40  ft.  head 
of  water,  and  they  built  it  in  a  hurry  during  the  winter.  Portland 
cement  was  used,  the  sand  used  with  the  cement  was  heated,  and  a 
little  salt  was  put  into  the  water  used  in  mixing  the  cement.  Expe- 
riments showed  that  alternate  freezing  and  thawing  did  not  produce 
any  appreciable  effect. 

Mr.  DodweU.        Mr.  Dodwell  considered  there  was  not  enough  known  about  the 
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action  of  frost  upon  oements.  He  had  noticed  but  few  instances  of 
failure  of  cement  owing  to  frost.  He  did  not  refer  to  "  face  "  work. 
The  question  of  Canadian  cements  was  one  worthy  of  discussion.  If 
cement  coultl  be  made  here  it  should  be  manufactured  and  used.  All 
the  material  was  here,  and  it  only  required  men  who  understood 
manufacturing  it.  He  thought  that  as  a  rule  natural  cements  were 
poor  substitutes  for  artificial  cements,  as  they  could  not  be  guaran- 
teed, and  their  reliability  could  only  be  ensured  by  frequent  tests. 

Mr.  St.  George  observed  with  regard  to  Canadian  cements,  that  it  Mr.  St.  Ckorf©. 
had  been  mentioned  by  the  author  that  their  strength  increased  with 
age,  while  Portland  cement,  it  was  stated,  deteriorated.  He  had 
prepared  a  table  giving  particulars  of  tests  for  one  year  of  different 
brands  of  cement,  (see  page  110),  which  the  Quebec  Government  had 
embodied,  with  a  report  on  cements,  in  the  Annual  Report  of  the 
Minister  of  Public  Works. 

A  German,  whose  name  he  had  forgotten,  had  gone  thoroughly 
into  this  question,  and  had  made  one  series  of  tests  altogether  in  water 
and  another  series  altogether  in  air,  differing  from  the  English  practice 
of  testing  cement  by  first  allowing  it  to  set  for  24  hours  and  then  put- 
ting it  into  water.  The  speaker  had  experience  with  many  brands 
of  cement, — ^English,  German  and  Canadian, — and  after  a  test  of 
7  days  (one  in  water)  with  pure  cement  he  found  that  the  Grerman 
(Dyckerhoff)  cement  had  a  tensile  strenuth  of  445  lbs.  per  square  inch. 
Some  of  the  English  cement  (Johnson's)  reached  330  lbs.  Of  the 
Canadian  cements,  the  Quebec  stood  the  highest,  being  110  lbs., 
Thorold  80  lbs.,  Napanee  65  lbs.,  and  Hull  ^0  lbs.,  all  mixed  neat. 
With  one  of  cement  and  one  of  sand  the  German  reached  220  lbs., 
Johnson's  130  lbs.,  Quebec  35  lbs.,  Thorold  30  lbs.  The  Napanee 
showed  no  result.  With  one  of  cement  to  two  of  sand  there  was  a 
gradual  decline,  the  German  showing  110,  Johnson's  (Knglish  Port- 
land) 60,  Quebec  20,  Thorold,  Napanee  and  Hull  no  result. 

Referring  to  the  7  days'  test,  24  hours  in  air  and  6  days  in  water, 
the  speaker  remarked  that  Johnson's  (neat)  showed  260  lbs.,  the 
Quebec  no  result  at  all,  and  the  Thorold  40  lbs. ;  and  with  equal 
parts  of  cement  and  sand  there  was  no  result  with  Canadian  cements. 
The  other  results  gradually  lowered,  180  lbs.  for  the  German  down 
to  90  lbs.  for  Johnson's  Portland  with  a  30  days'  test. 

The  author  of  the  paper  had  stated  that  foreign  cements  did  not 
improve  with  age,  but  the  speaker  found  that  the  Grerman  ran  up  to 
520  as  against  460,  and  taking  the  English  oements, — Johnson's  or 
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White's, — ^they  went  up  in  the  same  manner.  The  Quebec  cement 
neat  increased  from  110  to  170,  the  Thorold  being  only  82  lbs. 

With  one  of  cement  to  one  of  sand  they  had  also  all  increased, 
the  Quebec  with  only  48  lbs.  increased  after  30  days  to  110  lbs. 
With  the  test  of  60  days  it  was  found  G-erman  cement  reached  850  lbs. 
(neat),  the  Quebec  increasing  after  30  days  170  lbs.  to  185  lbs.,  a 
gradual  increase  ;  but  when  the  natural  cements  were  mixed  with 
sand  they  did  not  stand  at  all  except  after  60  days,  the  Canadian 
cements  taking  a  long  time  to  set. 

Cements  were  made  for  a  certain  purpose,  viz.,  to  enable  works  to 
be  constructed  in  as  short  a  time  as  possible.  The  Craig  street  sewer, 
Montreal,  built  in  1840,  with  plain  lime,  was  taken  out  in  1885,  when 
the  mortar  and  brickwork  were  a  solid  mass.  He  desired  to  state  as 
his  experience  that  artificial  cements  improved  and  did  not  deteriorate 
by  age,  as  Mr.  Butler's  paper  describes. 

Mr.  J.   Kennedy  observed  that  the  paper  mentioned  the  time  as  Mr.  Kennedy, 
after  three  or  four  years. 

Mr.  St.  Q-eorge  thought  that  if  60  days'  test  showed  that  the  artifi-  Mr.  St.  George, 
cial  cements  increase  in  the  ratio  stated,  it  was  not  probable  that  they 
were  going  to  fail.  This  was  not  the  case  in  any  works  he  had  seen, 
nor  did  he  think  Mr.  Kennedy  had  ever  had  such  experience  with 
Portland  cements.  White's  cement  (Portland)  pure  showed,  with  a 
test  of  7  days  in  air,  a  tensile  strength  of  280  lbs. 

The  figures  tabulated  were  the  highest  that  could  be  obtained 
here,  and  the  Quebec  test  of  some  hundred  samples  gave  results  very 
near  the  figures. 

Mr.  K.  W.  Blackwell  said  that  some  of  the  table  books  gave  results  Mr.  Biackweli. 
as  high  as  1200  lbs. 

Mr.  Kennedy   asked  Mr.  St.  Q-eorge  how  it  was  known   that   the  ^r-  Kennedy, 
mortar   in  the  old  Craig  street  sewer  was  common  lime,  because  at 
that  time  Canadian  cement  was  generally  well  known.  His  recollection 
made  it  difficult  to  tell  whether  the  mortar  was  made  from   natural 
Canadian  cement  or  common  lime. 

Mr.  St.  Gkorge  replied  that  when  the  Craig  street  sewer  was  broken  Mr.  st.  George, 
down,  the  mortar  was  quite  white  and  colorless.     In  those  days  in 
Montreal  lime  was  slacked  a  long  time  in  advance  of  being  used,  as  is 
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now  done  in  Germany,  where  lime  is  daoked  in  large  vats  and  Bold 
according  to  its  age. 

With  regard  to  high  tensile  strength  of  cements,  he  found  that  in 
Belgium,  in  order  to  obtain  these  results,  the  water  was  extracted 
from  them.  In  that  way  a  higher  tensile  strength  could  be  obtained, 
but  tests  should  be  made  under  circumstances  similar  to  those  under 
which  it  was  to  be  used.  In  his  opinion  the  best  way  to  make  a 
test  so  as  to  obtain  the  actual  quality  of  the  cement  was  not  only  to 
take  the  pure  cement,  but  to  mix  it  with  sand,  one  to  one  and  two 
to  two.  It  had  been  seen  that  some  cements  could  not  stand  sand 
at  all,  and  that  although  good  when  pure,  they  would  not  work  with 
sand.  The  crushing  of  the  cement  was  another  important  factor. 
At  some  factories  he  had  seen  cement  come  from  the  kilns  quite  black. 
Such  had  not  been  properly  burnt,  and  should  be  raked  on  one  side, 
recrushed  and  reburnt.  Last  year  he  had  experience  with  a  good 
brand  of  imported  artificial  cement.  It  did  not  set  well,  and  whilst 
in  that  fitate  spewed  up  a  black  oily  substance  with  a  scum  on  the 
top,  and  under  the  scum  (  ^  of  an  inch  thick)  it  was  quite  soft  and 
had  not  set  at  all ;  this  was  owing  to  not  beinp:  properly  burnt. 
Eobin's  cement  was  good,  but  the  charges  were  from  5  to  8  per  cent, 
higher  than  for  any  other  make. 

Mr.  Rvtun.  Mr.  Buttan  said  he  was  glad  to  see  from  the  paper  that  there  was  a 

prospect  of  their  having  a  good  Canadian  cement,  that  makers  of 
these  cements  had  pressed  their  use  with  engineers,  and  the  latter  had 
been  censured  by  the  makers  for  not  using  them.  But  the  fact  was, 
experience  had  proved  that  Canadian  cement  was  not  satisfactory. 
The  chemical  constituents  of  the  cement  were  said  to  be  all  that  is 
required,  and  if  this  were  so  he  was  led  to  believe  that  the  fault  must 
be  in  the  manufacture.  He  thought  the  sooner  Canadian  manufac- 
turers were  brought  to  realize  the  fact  that  their  cement  was  not  what 
is  required,  the  sooner  they  would  endeavour  to  improve.  The  quality 
of  cement  was  not  a  matter  of  opinion,  but  the  result  of  tests. 
Engineers  would  be  glad  to  use  the  native  cements  if  they  came  up  to 
requirements.  Canadian  cements  are  cheaper  than  the  imported 
cements,  and  he  thought  that  there  would  be  no  greater  demand  for 
the  former  until  the  quality  equalled  that  of  the  latter. 

Mr.  St.  Q«ofg«.  Mr.  St.  (George  stated  that  there  was  a  cement  he  had  omitted  to 
mention,  manufactured  at  Point  Claire.  He  had  not  yet  tested  it, 
but  he  had  given  Mr.  Reid's  (the  manager)  laboratory  test  in  the 
table. 
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Mr.  RuttAn  said  it  might  interest  the  members  to  know  that  within  Hr.  Buttan 
the  last  year  a  natural  cement  manufactory  had  been  established  in 
Manitoba.     No  practical  test  had  yet  been  made,  but  the  laboratory 
tests  were  said  to  be  very  good. 

Mr.  F.  E.  Came  asked  if  the  tests  of  the  Hull  cement  were  made  Mr.  OMna. 
recently  or  some  time  ago  ? 

Mr.  St.  Greorge  replied  they  were  made  in  1889.  Mr.  st.  Georg*. 

Mr.  Came  said  the  Hull  manufacturers  claimed  to  have  made  Mr.  Came, 
recent  improvements  in  their  cement. 

Mr.  St.  George  said  he  was  of  opinion  it  could  be  improved  by  proper  Mr.  St.  G«org«. 
mixing,  burning  and  crushing,  and  also  by  keeping  it  dry  when  made. 

From  a  dineram,  showing  results  of  Cement  Tests,  exhibited  by  Mr, 
St.  George,  Plate  VI  has  been  prepared. 


COKRESPONDBNCE. 

Mr.Macdougaii  ]\|  j  ^1^11  Macdougall  Said  that  the  papar  dealt  with  a  valuahle  native 
industry.  It  was  to  be  regretted  that  in  the  early  efforts  to  manufacture 
this  cement  more  care  had  not  been  taken  in  selecting  the  rock.  Mr. 
Butler  brings  this  out  in  his  paper  ;  the  result  has  been  that  the 
industry  has  suffered.  The  cement  is  well  ground,  as  the  samples 
produced  by  Mr.  Rust  show,  and  with  age  the  test  results  are  good. 
It  is  a  slow  setting  cement.  The  speaker  believed  there  was  a  market 
for  it  in  the  province.  He  hoped  the  present  management  would 
exercise  prudence,  and  not  try  to  place  it  on  the  market  till  they  had 
satisfied  themselves  as  to  the  quality  of  the  rock,  and  had  brought  the 
manufacture  of  the  cement  to  a  sufficient  stage  of  perfection  to 
produce  a  reliable  article. 

Mr.  Gauvroau.  Mr  L,  p^  Gauvreau  of  Quebec  said  that  the  only  natural  cement  of 
Quebec  is  manufactured  from  the  black  stone  adjacent  to  the  city. 
The  method  of  burning  and  grinding  this  cement  is  similar  to  that 
used  for  other  natural  cements.  The  analysis  of  the  stone  made  by 
Mr.  Delesse,  one  of  the  jurors  of  the  Paris  International  Exhibition, 
1855,  was: — 

Water  and  carbonic  acid 52.49 

Magnesia  traces 

Silica 27.40 

Alumina  and  oxide  of  iron 12.16 

Sulphate  of  lime 7.95 

100.00 

He  stated  that  Quebec  cement  has  been  largely  used  for  public  and 
other  works  in  Canada,  and  with  satisfactory  results. 

Mr.  Eyans.  Mr.  E.  A.  Evans  said  Mr.  Butler's  paper  suggests  the  question  :  Arc 

the  natural  equal  in  quality  to  the  best  Portland  or  artificial  cements  ? 
In  the  speaker's  opinion,  all  quick  setting  and  other  natural  cements  are 
Considerably  inferior  to  the  slow  setting  Portland  and  other  artificial 
cements.  Are  they  then  so  inferior  as  to  be  entirely  condemned  for 
use  on  all  public  works  ?    He  believed  not  (at  any  rate  for  works  aboTe 
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ground),  provided  that  the  bulk  supplied  is  equal  to  the  approved 
sample.  Here  is  the  difficulty  in  the  way  of  the  general  use  of  the 
Canadian  caments,  viz.,  their  varying  quality — utterly  bad,  inferior 
and  fairly  good  cemeat,  all  being  supplied  by  the  same  manufacturer 
as  first  class  hydraulic  cement.  Mr.  Butler  admits  that  it  is  not  at  all 
a  simple  matter  to  quickly  and  satisfactorily  test  the  quality  of  cement, 
and  until  some  better  and  more  practical  method  of  testing  than  at 
present  available  is  devised,  Canadian  cements  cannot  be  recommended 
for  any  foundation  or  hydraulic  works.  He  did  not  admit  that  the 
cements  showing  a  high  tensile  strength  grow  inferior  with  age,  crack 
and  peel  off,  as  stated  by  Mr.  Butler,  but  that  in  his  experience  such 
failures  refer  only,  in  certain  instances,  to  surface  work  generally 
imperfectly  done. 

Mr.  H.  H.  Killaly  said  that  previous  to  last  August,  Napanee  Mr.  ElUaiy. 
cement  had  not  been  used  upon  any  of  the  works  under  his  charge  ; 
that  recently  a  small  quantity  of  this  cement  was  used  at  Lock  21  on 
the  Cornwall  Canal  enlargement ;  that  for  concrete  it  was  very  slow 
in  setting,  and  for  this  reason  its  use  was  discontinued  ;  that  subse- 
quently Napanee  cement  was  used  in  building  some  of  the  masonry  of 
^e  same  Lock ;  but  that  he  was  not  then  able  to  say  how  this  cement 
had  behaved  when  used  for  concrete. 

Mr.  C.  H.  Eust  said  that  during  the  last  seven  years  he  had  frequent  Mr.  Rust, 
opportunities  of  testing  Canadian  cement  in  the  construction  of  sewers 
in  Toronto.  The  tests  were  all  made  with  a  Biehl^  testing  machine. 
The  results  so  far  with  Canadian  cement  have  not  been  satisfactory,  and 
owing  to  the  unreliability  of  these  cements,  the  use  of  both  'I'horold 
and  Napanee  have  been  nearly  discontinued  in  favor  of  Portland. 
The  great  fault  of  the  Canadian  cements  is  their  tendency  to  "  blow." 
This  was  not  so  pronounced  in  the  Napanee  as  in  the  Thorold,  but  in 
tensile  strength  both  are  deficient.  He  considered  this  deficiency  largely 
due  to  the  fact  of  the  manufacturer  not  using  sufficient  care  in  selecting 
the  stone.  He  is  glad  to  see  that  Mr.  Butler  calls  attention  to  this 
important  feature.  He  stated  that  the  City  Engineering  Department  of 
Toronto  used  12,000  to  15,000  barrels  of  cement  annually  on  its 
sewers  alone.  It  will  be  seen  by  the  table  of  tests  on  pp.  1 16-1 17  that 
no  such  result  as  that  mentioned  by  Mr.  Butler  has  been  reached  with 
Napanee  cement,  the  highest  tensile  strength,  after  being  6  days  in 
water,  being  40  lbs.  per  square  inch.  He  considered  the  method  of 
making  tests  of  sample  briquettes  open   to  objections,  his  experience 
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being  a  much  lower  result  than  olaimed  by  some  oement  agents. 
According  to  bis  experience  in  tbe  use  of  nataral  Canadian  cements 
the  mortar  shonld  not  be  weaker  than  1  to  2. 


Tests  of 

Napanee  Cement 

MADE  IN 

City  Engineer's  Office, 

Toronto, 

1886  TO 

1889. 

Time  in  watbb. 

Tknsil 

^"11"^"                Proportions. 

PER 

SQ.  INCH. 

1  Year 

180 

Neat 

1     '* 

200 

(C 

30  Days 

76 

tt 

6    " 

40 

€( 

1  Year 

150 

« 

30  Days 

25 

<e 

1888-9 

6  Days 

12 

6    « 

18 

15    " 

22 

28    « 

53 

600    " 

275 

150    " 

130 

6    « 

25 

18    " 

40 

6    " 

20 

6    " 

10 

6    " 

10 

35    " 

12 

26    " 

60 

100    « 

80 

8    " 

6 

5    " 

6 

160    " 

113 

135    " 

135 

The  two  last  testa 

are  from  a  batch,  the 

rest  of  which   went  to  pieces 

when  first  placed  in  water. 

March,  1890 

Age  of  Briquette. 

Tensile 
per  s<; 

STRENGTH 
\.    INCH. 

Remarks. 

190  Days 

174  lbs. 

Sent  from  Napanee  by 
E.  Bravender. 

289    " 

636 

« 

do 

24    *• 

120 

« 

do 

400    *' 

222 

(< 

do 

2  Yrs.  90 

Dys. 

109 

(( 

do 

2     **    227 

a 

161 

t( 

do 

3     ** 

123 

« 

do 

2    "    212 

Dys. 

151 

<( 

do 

2    "    242 

« 

150 

<i 

do 

2    "    242 

C€ 

101 

(C 

do 

2    "    273 

« 

140 

(f 

do 

170  Days 

421 

t< 

Sent  from  Napanee  by 
Mr.  Terry 

1  Year 

275 

i( 

«        «        do 

1    " 

297 

<« 

Moulded  by     do 

1    « 

204 

<( 

«<        *«        do 
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THOROLD  CEMENT. 

TIME   KEPT    IN  IfJLTEB  JLYERAOE  STRENGTH 

6  Dave  30  lbs. 

30    «  76    " 

100    "  200    « 

Bufialo,  U.  S. 

6  Days  50  lbs. 

30    «  76    ** 

100    «  200    " 

SyracuBe,  U.  S. 

6  Days  200  lbs.  American  Portland 

30     **  400    «*  **  " 

100    **  446    •«  "  " 

Mr.  Qray  said  that  Mr.  Butler,  after  stating  that  the  cause  of  the  Mr.  Gray, 
failure  of  the  Napauee  cement  is  owing  to  the  mode  of  manufacture,  says 
that  under  his  instruction  and  advice  tests  were  made  of  the  several 
layers  of  the  quarry  by  graduating  the  intensity  of  the  heat  in  the  roasting 
or  burning.  It  appears  to  him  that  this  is  just  the  reverse  of  what  is 
necessary  to  obtain  the  qualities  for  a  good  cement.  He  considered 
that  the  proper  method  to  insure  a  good  cement  being  manufactured 
is  to  have  the  raw  material  of  stone  chemically  analyzed  before  being 
roasted  and  ground.  It  is  found  indispensable  to  do  this  with  the 
raw  materials  of  iron  and  steel.  The  value  of  the  manufacture  depends 
more  on  the  obtaining  and  selecting  of  the  raw  material  which 
contains  the  least  amount  of  deleterious  elements,  than  in  the  elimina- 
tion of  such  elements.  It  is  easy  to  understand  how  iron  and  other 
manufactures  would  suffer  if  their  make  depended  upon  the  very  scant 
knowledge  applied  to  the  manufacture  of  cements.  The  result  is  that 
the  contractor  or  engineer  receives  as  cement  a  substance  of  undeter- 
mined composition,  varying  in  quality  with  every  circumstance  of  its 
manufacture  and  every  condition  of  its  storage  and  preservation,  and 
from  this  by  the  addition  of  sand  water,  etc.,  he  must  compose  a 
material,  the  strength  of  which  he  is  to  determine,  although  every 
method  in  oomhining  the  ingredients  will  affect  the  results. 

Mr.  M.  J.  Butler  stated  in  reply  that  it  was  not  his  intention  in  the  Mr.  Bnacr. 
paper  to  convey  the  impression  that  good  Portland  was  inferior  to 
natural  cements.    An  instance  was  given  when  two  samples  of  an  arti- 
ficial cement  prepared  firom  common  lime  and  clay,  without  regard 
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being  had  to  any  particalar  proportion,  gave  on  short  time  test  a  high 
tensile  strength  which  they  afterwards  lost.  The  object  being  to 
record  a  mild  protest  against  the  present  tendency  of  calling  for  a  very 
high  tensile  strength  on  a  seven  days  test 

Over-clayed  cements  set  quickly ;  hence,  if  specifications,  require  a 
high  tensile  strength  in  short  periods  of  time,  manufacturers  will  endea- 
vor to  comply  with  this  demand  by  every  means  available,  among 
which  are  over-claying,  the  addition  of  sugar  or  molasses,  and  extremely 
fine  grinding  (this  latter  being  doubtless  a  permanent  benefit).  The 
ultimate  effect  of  over-claying  cements  is  to  weaken  them.  Eliot  C. 
Clark,  M.  Am.  Soc.  C.  E.,  in  his  paper  read  before  the  American 
Society  of  Civil  Engineers,  describes  anew  brand  of  cement  which  was 
made  by  some  patent  process,  which  at  the  end  of  7  days  tested  neat 
184  pounds,  in  a  month  it  reached  267  pounds,  but  in  six  months  the 
briquette  fell  to  pieces.  He  also  makes  the  instructive  remark  that 
absolute  uniformity  in  breaking  need  not  be  looked  for,  as  he  expressed 
it,  ^^  the  sample  declined  to  break  by  formula." 

Mr.  Hannaford  points  out  very  clearly  the  causes  that  have  led  to 
lack  of  uniformity  in  natural  cements.  That  cements  containing 
magnesia  are  best  for  sea  water  constructions  is  generally  admitted.  It 
does  not  seem  necessary  to  quote  from  the  various  recognized  authori- 
ties on  the  point.  The  proof  contains  an  analysis  of  Quebec  cement,  it 
is  thought  worth  while  to  point  out  the  fact  that  as  given  the  elements 
to  make  a  cement  are  not  present,  and  doubtless  there  is  an  error  in  the 
reading. 

Since  the  paper  was  prepared  the  writer  has  paid  particular  atten- 
tion to  the  examination  of  the  exposed  parts  of  old  works  laid  up  in 
Portland  cement.  The  pointing  being  usually  the  only  part  visible,  he 
has  not  yet  seen  one  place  where  it  has  not  been  cracked  and  where 
it  could  not  be  picked  out  by  a  little  effort.  The  cement  is  very  hard 
and  brittle,  and  would  under  tensile  test  doubtless  show  a  high  resis- 
tance to  breaking.     Under  water  the  cracks  do  not  appear. 

With  regard  to  the  remarks  of  Mr.  Killaly,  the  writer  is  informed 
that  Napanee  cement  was  delivered  to  the  works  at  Cornwall  under 
his  charge  about  two  years  ago,  that  all  of  the  concrete  has  been  made 
with  Napanee  cement,  that  the  bulk  of  the  masonry,  including  the 
pointing,  has  been  done  with  Napanee  cement,  and  that  the  work  is  in 
first  class  condition. 

Mr.  Rust's  table  of  test  samples  is  interesting,  the  date  given  by  the 
writer  is  based  on  about  200  samples,  and  that  given  by  Mr.  Bravender 
is  based  on  upwards  of  1,000  samples. 
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The  manner  of  preparing  the  briquette,  the  temperature  of  the  air 
and  water,  the  quantity  of  water  used,  and  the  method  of  treating  the 
briquette  after  and  before  filling,  are  all  factors  in  determining  the  final 
result,  and  but  emphasise  the  fact  that  a  uniform  method  is  most  desir- 
able. The  writer  begs  to  suggest  that  a  committee  of  the  Society  be 
appointed  for  the  purpose  of  reoonmiending  a  uniform  system  of  testing 
and  to  prepare  a  specification  for  quality.  The  fact  is  that  natural 
cements  should  never  have  more  than  two  parts  sand  to  one  cement,  and 
in  important  work  one  and  one-half  sand  to  one  cement. 

Mr.  St.  George  is  mistaken  in  assuming  that  the  writer  claimed  that 
Portland  cements  deteriorate  with  age,  so  far  as  the  tensile  testing 
machine  would  show.  Under  water  there  is  no  doubt  that  they  are 
practically  everlasting  (so  far  as  our  knowledge  goes),  but  in  air  or 
sea  water  there  is,  to  say  the  least,  some  doubt  of  their  lasting  proper- 
ties. Common  lime  will  never  stand  in  water,  even  if  mixed  for  cen- 
turies, when  placed  in  water  it  will  go  to  pieces ;  hence,  if  the  sewer  in 
question  has  stood,  the  lime  must  have  been  an  hydraulic  lime.  The 
quotation  from  Mr.  Clark  and  the  writer's  own  tests  show  that  even 
after  sixty  days  a  cement  may  fail,  and  fail  badly. 

Mr.  G-ray  thinks  the  writer  erred  in  directing  the  cement  manufac- 
turers as  he  did ;  if  so,  he  was  in  good  company.  It  is  precisely  die 
method  followed  in  all  of  the  natural  cement  works  in  the  world.  It  is 
the  method  advised  by  Qilmore  in  his  ^^  Limes,  Cements  and  Mortars." 
As  the  paper  shows,  frequent  chemical  analyses  were  made  both  of 
the  rock  and  of  the  cement,  for  the  chemists  are  by  no  means  agreed  on 
what  constitutes  a  first  class  cement,  and  it  is  only  by  practical  test  on 
a  large  scale  that  a  reliable  result  can  be  hoped  for.  The  chemical 
analysis  is  a  useful  guide  to  show  us  that  we  are  not  trying  to  work 
against  natural  laws,  but  no  laboratory  work  can  supersede  the  actual 
test  on  a  large  scale. 


Thursday,  27tli  Pebraary, 

0.  E.  W.  DoDWiLLy  Member  of  Council,  in  tiie  Chair. 

The  following  candidates  having  been  balloted  for  were  declared  dulj 
elected  as : — 

Mehbbrs. 

Moses  Burpee,  Rodmak  M.  Price, 

A.fi.  Imsheniok  Eokdratotitsh,     James  Hekrt  Edward  Sborstan, 

NiOBOLAS  Erouoliooff,  Aktoive  Zdziarski. 

Associate  M  embers. 

Williams  Burns,  Jambs  Johnstoke, 

Charles  D.  Maze. 

ASSOOIATES. 

P.  W,  Cram,  J.  C.  Robertson, 

Alexander  Maolean,  Charles  £.  Saunderson, 

Jean  Zephirin  Besther,  James  Traill  Shearer, 

Thomas  Tait. 

Student. 
Alfred  Jambs  Stbyens. 

The  following  were  transferred  from  the  class  of  Associate  Members 
to  that  of  Members  : — 

George  Herriok  Duooan,         James  Moore  Shanlt. 

The  following  were  transferred  from  the  class  of  Students  to  that 
of  Associate  Members: — 

Jambs  Marmaduke  McCarthy,        Charles  Daniel  Sargent. 

The  following  was  transferred  from  the  class  of  Associate  Memben 
to  that  of  Associates : — 

George  B.  Hooper. 


The  discussion  of  Mr.  M.  J.  Butler's  paper  on  **  The  Mannfius- 
tore  of  Natural  Oement  **  occnpied  the  evening. 


Thurc^ay,  13th  Maroh. 
E.  P.  HANNAFOBD,  Yioc-President,  in  the  Chair. 

Tmpw  No.  40. 

COLUMNS.* 

Bt  Chablis  F.  FiNDLAT,  H.  Inst.  C.  B. 

In  the  whole  range  of  subjects  with  which  the  art  of  engineering  is 
concerned,  there  are  few  in  which  theory  has  contributed  less  to  the 
advance  of  intelligent  practice  than  in  this.  The  reason  cannot  be 
found  in  any  want  of  importance  in  the  subject  itself,  for,  of  the  mate* 
rials  used  in  construction,  a  much  greater  part  is  used  in  compression 
than  in  tension,  and  a  very  considerable  part  is  used  in  the  form  of 
columns  or  struts.  'Until  recently  the  experiments  on  compressive 
strength  were  very  few  in  number  and  narrow  in  range,  compared  with 
the  multitude  of  tensile  experiments  that  have  been  made.  Even  now, 
many  of  the  laboratories  with  expensive  and  elaborate  apparatus  for 
tensile  tests  have  no  means  of  making  compressive  tests.  Of  late  years, 
however,  American  experimenters  have  done  a  great  deal  to  remedy 
this  state  of  things,  among  whom  Mr.  Christie,  Mr.  Bouscaren,  and 
Messrs.  Clarke,  Baeves  &  Co.  may  be  mantioned  in  particular. 

What  is  now  wanted  even  more  than  experiments,  is  a  theory  of  the 
subject  which  will  enable  us  to  interpret  their  results  in  a  general  way, 
and  also  to  indicate  the  kind  of  experiments  desirable.  We  shall  there, 
fore  attempt  here  to  give  a  treatment  of  the  subject  somewhat  more 
rigourous  than  is  usually  found  in  text  books. 

A  column  differs  from  a  beam  or  girder  in  the  nature  of  the  forces  it 
is  intended  to  resist,  a  beam  being  used  to  resist  forces  transverse  to 
its  length,  a  column  to  resist  forces  directed  between,  its  two  ends.  Of 
course,  the  same  material  may  be  used  to  resist  forces  of  both  kinds  at 
once,  but  for  the  sake  of  clearness  we  ^all  neglect  transverse  forces 
altogether  in  treating  of  the  column.  The  leading  feature  in  the 
behaviour  of  a  loaded  column  is  that  it  bends,  the  deflection  constantly 

*  This  investigation  coincides  in  certain  parts  with  papers  by  Professors 
Ayrton  and  Perry,  in  the  Engiruer  (London),  December  10th  and  24th» 
1886,  and  by  Professor  Erohn  in  the  Proc.  Am.  Soc.  GJ!.^  1887. 

I 
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increasing  with  the  load.  The  stress  which  might  at  first  be  almost 
uniformly  distributed  in  the  column,  becomes  thus  more  and  more 
unequal  at  the  outer  and  inner  edges  as  the  load  increases.  With  a 
tensile  stress  on  the  other  hand,  although  a  small  flexure  undoubtedly 
must  result  from  the  same  causes  that  give  rise  to  flexure  of  columns, 
the  direction  of  the  flexure  is  opposite,  and  therefore  tends  to  produce 
a  more  uniform  distribution  of  stress.  The  difference  between  the  two 
cases  may  be  illustrated  by  that  between  stable  and  unstable  equili- 
brium. 

The  equation  which  forms  the  basis  of  all  investigations  into  the 
flexure  of  beams  and  columns  is 

(1)  M  =  EI(^-^J* 

where  M  =  moment  of  external  forces  at  a  cross  section  of  the  beam  or 
column,  whose  moment  of  inertia  about  an  axis  through  its  centre  of 
gravity  at  right  angles  to  the  plane  of  flexure  is  I ; 

E  =  radius  of  curvature  of  axis  of  beam  or  column  at  same  cross 
section  ,  and  R  ^  =  initial  value  of  R  when  M  =  0  ; 

£  =  modulus  of  elasticity  of  material. 

By  the  axis  of  a  column  we  here  and  hereafter  mean  the  axis  of 
figure  and  not  the  neutral  axis  (which  for  columns  generally  lies  at  a 
considerable  distance  outside  the  column). 

It  will  be  well  here  to  call  attention  to  the  assumptions  on  which  (1) 
rests,  because  it  has  often  been  applied  to  circumstances  in  which  it 
is  not  true,  and  most  misleading  conclusions  have  been  drawn  in 
consequence.     Equation  (1)  supposes : 

First,  that  every  plane  section  of  the  beam  or  column  normal  to  the 
axis  in  the  unstrained  state  remains  plane  and  normal  to  the  axis 
throughout.  This  is  probably  approximately  true  for  homogeneous 
beams  or  columns  formed  out  of  one  mass  of  uniform  material,  as,  for 
instance,  a  log  of  timber,  a  cast  iron  column,  or  a  rolled  joist,  but  it  is 
very  doubtful  how  far  it  can  be  relied  on  for  a  framework  built  up  of  a 
number  of  separate  pieces. 

Secondly,  that  the  value  of  E  is  constant  throughout  the  cross  sec- 
tion.    This  is  approximately  true  in  most  cases,  and  it  can  be  shown 

EI 

*  This  equation  is  usually  given  as  M  »  ^  ,  thus  assuming   the  initial 

R 

form  of  the  axis  to  be  a  straight  line.  For  a  beam,  although  the  assump- 
tion cannot  be  true  in  fact,  it  does  not  affect  the  distribution  of  stress  in  the 
beam.  With  a  column,  however,  the  correction  is  of  vital  importance,  as 
we  shall  see. 
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that  the  variations  of  E  oocurring  in  practice  cannot  largely  affect  the 
strength  of  iron  columns,  though  some  writers  have  attached  an  exag- 
gerated importance  to  this  point. 

Thirdly,  that  the  fibres  of  the  beam  or  column  are  all  strained  in 
accordance  with  Hooke's  Law.  As  soon  as  the  most  strained  fibres 
pass  the  limit  of  elasticity,  equation  (1)  ceases  to  express  the  condition 
of  equilibrium,  and  all  conclusions  based  on  it  cease  to  have  any  appli- 
cation. When  therefore,  as  is  sometimes  done,  a  comparison  is  made 
between  the  stress  in  the  extreme  fibres  of  a  beam  as  deduced  from 
equation  (1),  when  M  is  the  moment  causing  fracture,  and  the  direct 
tensile  stress  the  same  fibres  will  bear  in  a  testing  machine,  it  should 
cause  no  surprise  that  there  is  an  enormous  discrepancy.  Equation  (1) 
is  based  upon  a  supposed  distribution  of  stress  throughout  the  various 
parts  of  the  cross  section  which  is  utterly  wide  of  the  truth  when  the 
moment  of  flexure  is  such  as  to  cause  rupture.* 

Equation  (1)  being  the  equation  of  moments  at  any  section  of  a 
column,  we  have  also  an  equation  between  the  sum  of  the  applied  forces 
parallel  to  the  axis  and  the  sum  of  the  internal  stresses  at  the  same 
cross  section  which  will  be  found  to  be : 

(2)  1>  =  Eyi  ^  S~R~o)  ^^^°®^  ^y  ^^^  ^1  ^^  M 

where  p  is  the  total  applied  force  per  unit  of  area  of  cross  section,  and 
y\  is  the  distance  of  the  neutral  axis  from  the  axis  of  figure  at  the 
same  section. 

In  order  to  determine  M  we  must  know  the  form  of  the  bent  column 
under  a  given  load,  and  in  order  to  ascertain  that,  equation  (1)  must 
be  solved.  Now  the  essential  difference  between  a  beam  and  a  column 
as  regards  this  solution  is,  that  for  a  beam  M  is  independent  of  the 
deflection,  while  for  a  column  it  depends  directly  on- the  deflection.  In 
other  words,  if  x  and  y  be  rectangular  co-ordinates  defining  the  position 
of  any  point  on  the  axis  of  the  column,  x  being  measured  parallel  to 
the  length  of  the  column,  M  is  for  beams  a  function  of  x  only,  while 
for  columns  it  is  a  function  of  y.  This  entirely  alters  the  character 
of  the  differential  equation  to  be  solved,  and  makes  it  quite  inadmis- 
sible to  assume,  as  is  frequently  done,  that  the  deflections  of  a  column 
will  be  governed  by  the  same  laws  as  are  deduced  from  equation 
(1)  for  beams. 

*  For  a  fall  discussion  of  the  question  of  the  relation  of  transverse  to 
direct  strength  of  iron,  v.  Etudes  sur  I'Emploi  du  fer  et  de  Tacier,  by  M. 
Consid^re,  Paris,  1886. 
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Let  AQB  be  tbe  axis  of  a  oolumn  bending  under  the  action  of  a 
load  P.  Take  AB  as  axis  of  x,  its  middle  point  O  as  origin,  and  let 
AB  =  I,    Sinoe  the  eqnilibrinm  of  the  column  as  a  whole  requires 


1 


that  the  forces  acting  on  its  two  ends  should  be  reducible  to  two  equal  and 
opposite  forces  P,  let  the  line  of  action  of  these  forces  be  at  a  distance 
a  from  0  and  we  shall  suppose  it  parallel  to  AB,  because  it  is  found 
that  the  principal  effect  in  producing  flexure  is  due  to  the  mean  value 
of  the  eccentricities  of  the  loads  at  the  two  ends.  Of  course  a  is  small 
since  the  intention  is  supposed  to  be  to  load  the  oolumn  so  far  as 
possible  centrally.  Let  a  be  the  cross  section  of  the  column  at  Q,  and 
hi  pa  =  P.  Let  y„  be  the  initial  value  of  y  for  the  unstrained  column. 
We  shall  suppose  xo  =  x,  thereby  neglecting  the  elastic  shortening  of  the 


column.    Let  p  «  radius  of  gyralaon  at  Q, »  y  ^ ;  then 
as   long   as    R    is 


Binoe  --  = 


crx" 


and   since 


very    large;    similarly  i. 

Ro 

Mm  — pa  (y +  «),  (1)  becomes 

wnte  for  brevity  k"  for  ^  and  suppose  k  to  be  constant  throughout 
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the  lengih  of  the  oolumn,  i.e.,  suppose  the  oolumn  to  be  uniform  in  see- 
tion  and  in  material. 

To  solve  this  equation  we  muiit  know  what  ^j^  is  in  terms  of  x,  or,  in 

other  words,  what  the  unstrained  form  of  the  axis  is.  It  being  sup~ 
posed  that  the  oolumn  is  initially  as  straight  as  the  ordinary  conditions 
of  manufacture  permit,  the  actual  form  of  the  axis  will  be  an  irregukr 
curve  departing  yery  little  from  the  line  AB.     We  shall  assume  that 

the  curve  is  the  curve  of  smes  y  ^  =  do  eoa  ^'    This  assumption  can 

be  justified  by  the  fact  that  the  curve,  whatever  its  form,  can  be  expressed 
by  equating  y^  to  an  infinite  series  proceeding  by  sines  and  cosines 

of  multiples  of  ^  of  which  ^'o  eos  -j  may  be  considered  the  first  term. 

If  this  be  done,  it  will  be  found  that  in  ordinary  cases  the  effect  of  the 
successive  terms  of  the  series  on  the  resulting  solution  rapidly  decreases. 

We  have  then  -^^  —  -  ^^o  IT"  <5os  -j 

^^^  S   «-k»(y4.«)-j,^'co8  y. 

The  solution  of  this  equation  with  the  conditions  that  y  =  o  when 

1  I    . 
xss— or-—  is: 

2  2 

cos  kx  i 

(3)    y  +  a^a  ^  u       +      ^J£l^  COS  -p 

2  ^     IT* 

Before  proceeding  to  obtain  from  this  equation  the  stresses  in  the 
oolumn,  it  will  be  well  briefiy  to  point  out  the  relation  it  bears  to  t^e 
theory  of  fiexure  given  in  most  text  books,  and  known  by  the  name  of 
Euler's  theory  from  the  name  of  its  author,  who  published  it  in  the 
middle  of  last  century.     In  that  theory  d^  and  a  are  neglected,  so  that 

the  differential  equation  is  ^=  —  k'y.     The  direct  solution  of  this 

dx* 
is  y  s  A  cos  hx  4-  B  sin  ikx,  and  the   terminal  conditions  require 
ftZs^    and     Baso,    while    A    ia    indeterminate.    In  other  words 

J,  _-  TT «  B  (^) ',  and  p  having  tiiat  value  y  may  be  anything.  The  same 
result  may  be  deduced  from  (3),  for  if  «  and  6q  vanish,  y  must  always  be 
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sero  except  when  kl  =  v,  and  in  that  case         kl  is   an  indetermi- 

cos  — - 
2 

Date  fraction  for  which  an  arbitrary  constant  A  may  be  substituted. 

This  theory  is  not  only  inconsistent  with  facts,   which  might  be 

expected  from  the  assumption  of  ideal  conditions  that  cannot  be  realised 

in  practice,  but  in  the  form  given  above  (which  is  that  usually  published) 

it  evidently  contains  some  other  serious  error ;  for  while  it  is  quite 

conceivable  that  under  the  ideal  conditions  supposed,  no  flexure  can 

occur  until  p  reaches  a  certain  limit,  it  is  not  conceivable  that  the 

flexure,  when  it  does  occur,  should  be  independent  of  the  load,  so  that 

the  same  load  which  first  causes  flexure  will  bend  the  column  double. 

The  error  lies  in  neglecting  the  elastic  shortening  of  the  column.  In  the 

theory  here  given  this  is  permissible,  but  in  Euler's  theory,  a  and  S^ 

being  neglected,  a  different  order  of  small  quantities  is  dealt  with  and 

the  contraction  of  the  oolunm  becomes  important.     If  this  be  taken 

into  account,  and  p  is  the  load  for  which  flexure  first  becomes  possible, 

or  fr^  E  (— }      ^en  the  deflectioD  ^'i  for  a  given  loadjp  per  sq.  in. 
greater  than^i,  is  given  by 

p      I  v'  ;>.       ^ 

It  must  also  be  observed  that  although  by  Euler's  theory  flexure  can- 
not take  place  until  p  reaches  the  value  Pi,  it  does  not  follow  that  it 
will  then  occur.  For  every  value  of  ^  greater  than  pi,  there  will  be 
two  positions  of  equilibrium  for  the  column,  one  straight  and  one  curved. 
The  former  will  be  unstable,  and  the  chord  of  the  arc  of  the  bent  column 
will  be  shorter  than  the  straight  column  under  the  same  load  by  an 

amount  -ji^- 

The  difference  in  results  between  Euler's  theory  and  equation  (3)  is 
strikingly  shown  by  observing  that  if  either  a  or  ^o  has  any  finite  value , 
however  small,  equation  (3)  shows  that  y  is  infinite  for  the  value 
}ds=^,  where  Euler's  theory  first  allows  flexure  to  become  possible.  It 
should  also  be  observed  that  for  ordinary  proportions  of  columns  p^ 
approaches  the  limit  of  elasticity  of  the  column,  so  that  at  ordinary 
working  loads  no  flexure  would  ever  occur  if  Euler's  theory  applied. 
For  instance,  with  wrought  iron  having  an  elastic  limit  of  12  tons,  the 
length  of  a  column  would  have  to  be  more  than  100  times  its  radius  of 
gyration  in  order  that  any  flexure  should  occur  with  a  load  of  12  tons 
per  sq.  in.,  and  400  times  to  bend  with  a  load  of  6  tons  per  sq.  in.  We 
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have  given  bo  muoh  space  to  Baler's  theory  only  because  it  has  been  so 
widely  spread  in  treatises  on  engineering  subjects  and  for  its  historical 
interest. 

We  will  now  return  to  equation  (3),  and,  before  going  further,  it  be- 
comes necessary  to  distinguish  between  the  various  ways  in  which  the 
ends  of  the  column  may  be  constrained  since  the  value  of  a  depends  upon 
the  nature  of  the  constraint. 

i.  The  ends  may  rest  in  hinges  in  which  the  friction  is  insufficient 
to  prevent  rotation.     In  this  a  is  independent  ofp, 

ii.  The  ends  may  be  rigidly  attached  to  fixed  objects,  in  which  case 
a  is  a  determinate  function  of  p.  (Flat-ended  columns  are  another 
variety  corresponding  mechanically  neither  with  i  nor  ii,  and  pre- 
senting great  elements  of  uncertainty.  As  it  does  not  represent  any 
column  used  in  practice  we  shall  not  consider  it  here.  The  same 
remarks  apply  to  round-ended  columns.) 

iii.  The  ends  may  be  rigidly  attached  to  objects  which  themselves 
change  in  position  as  the  load  varies.  This  is  a  very  conmion  case  and 
is  that  of  the  struts  of  a  rivetted  bridge,  but  we  shall  not  deal  with  it, 
as  it  would  require  a  very  lengthy  investigation.  We  only  call  atten- 
tion to  the  fact  that  the  conditions  vary  from  those  of  case  ii,  and  that 
a  rivetted  bridge  strut  has  in  consequence  less  strength  than  a  similar 
strut  whose  ends  are  really  fixed.  Not  only  does  it  endure  second aiy 
stresses  arising  from  the  bending  moments  applied  to  its  ends  by  the 
booms  of  the  bridge,  but  its  axis  is  thereby  thrown  out  of  line,  by  which 
its  strength  is  impaired  for  bearing  the  direct  load.  We  can  refer 
students  who  wish  to  pursue  the  subject  (which  is  one  of  great  com- 
plexity) to  Dr. Winkler's  treatise,  "  Theorie  der  briicken,"  Vienna,  1886. 

Considering  case  i,  we  must  first  remark  that  a  hinged  strut  differs 
in  no  way  from  a  fixed-end  strut  so  long  as  the  Motion  of  the  hinges  is 
below  its  limiting  value,  or  if  the  circumstances  are  such  that  the  flexure 
takes  place  in  some  other  plane  than  that  normal  to  the  axes  of  the 
hinges.  Presuming  that  rotation  of  the  hinges  actually  occurs,  let  h 
be  the  radius  of  the  hinge,  a^  the  distance  of  the  centre  of  the  hinge 
from  the  axis  of  the  column,  9  tho  angle  of  friction  ; 
then  ossoo  _+^  ^  sin  ^,  where  the  sign  of  A  sin  9  depends  on  the  values 
of  Oq  ^^^  ^0}  ^he  direction  of  friction  being  always  opposite  to  the 
tendency  to  rotation  at  the  end.  For  iron  on  iron  without  lubrication 
sin  0  s  about  ,'„,  and  h  sin  ^  will  usually  be  much  greater  than  a^. 

In  equation  (3)  it  is  permissible  to  expand  in  powers  of  kl  and 

neglect  the  higher  powers  because  kl  ^-y  P_^  and  must  always  be 
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small  for  snob  valaes  of  p  us  would  oonstitate  a  safe  working  load. 
This  may  be  verified  by  oalcalating  the  yalues  of  y  direct  from  equa- 
tion (3)  for  certain  cases,  and  comparing  them  with  the  valnes  gitot 
by  the  approximati<Hi.     If  this  expansion  be  made,  we  obtain 

(4)  y  +  a=.a(l+   *^)eo8te  +  do    (U^*)   COSj' 
when»=o,y  =  «'t +Aj«  i'fg  +^j 

so  that  the  central  deflection  is  ^^.  }    (  g  +  ^a  ) 

Let  r  be  the  distance  of  the  innermost  or  most  strained  fibres  of  the 
column  from  the  axis  and /the  stress  per  sq.  in.  in  them,  then,  so  long 
as  Hooke's  Law  holds,  the  moment  of  resistance  of  the  column  may  be 

expressed  by   —  {/—p)  which  must  therefore  be  equal  to  op  (y  f  a). 

T 

Therefore     ^    (/-:P)  =J>  (y  +  «)• 

/  is  greatest  where  y  is  greatest,  t.^.  at  the  middle  of  the  column. 
Substitute  from   (4)  &»  y  +  a  and  write  b  for and    c  for 

The  reason  for  introducing  r  into  the  values  of  h  and  c  is  that  a  and 
^^0  are  likely  to  vary  roughly  with  the  size  of  the  column.  We  have 
seen  that  the  principal  part  of  a  generally  will  arise  from  friction  and 
be  proportional  to  the  radius  of  the  hinge,  and  So  is  likely  to  increase 
with  the  length  of  the  column  with  respect  to  which  the  diameter  is 

generally  fixed.    At  any  rate  -^  will  more  nearly  be  independent  of 

the  dimensions  of  any  particular  column  than  ^^o  simply. 

Rearranging  the  terms,/=p  {  ^  +  (-  ) '  (^    +  ^  ("")")} 

This  is  a  quadratic  to  obtain  p  in  terms  of/,  but  b  and  c  being  small, 
we  may,  as  a  first  approximation,  write  /  for  p  in  the  last  term  inside 
the  bracket,  the  error  so  committed  being  in  the  direction  of  safety,  and 
we  thus  obtain 

/ 

(5)  /»  =  , 


■■<o'{'  4m 


Case  ii.  Fixed  ends. — Here  the  terminal  conditions  are  that  ^L  when 
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a  SB .  or  —  _,  must  be  constant,  whatever  the  value  of  jp  may  be.    If 
2  2 

tlie  same  assumption  as  before  with  regard  to  the  initial  form  of  thd 

axis  be  made,  these  conditions  give 

kl 

or  expanding  in  powers  ofJd  as  before  a  =  — ^-L  —  ^^kH' — H^ 

The  maximum  bending  moment  is  in  this  case  at  the  end  of  the  column 
and  equal  to  ^  a.  Proceeding  as  before  to  equate  p  «  to  JL-  (/ — p) 
we  obtain  a  result  of  exactly  the  same  form  as  (5),  but  in  this  case 

fr-i-  -"  or    nearly   i'i  .Bd    c    =  i|=:^-'  -  nearly  »    f. 

12  JT 

The  central  deflection  will  be  found  to  be  ,   ■  ^okH^  or  nearly 

40  'E    \p  J 
It  might,  however,  perhaps  be  a  fairer  assumption  for  a  fixed-end 
oolamn  to    suppose  the  initial  form  of  the  axis  to  be  the  reversed 

curve  yo  =  "o  1 1  f  oos  l ,  having  the  same  central  ordinate  ^o  but 

tangent  to  the  line  AB  at  both  ends.     On  this  assumption  a  will  be 
found  to  be  equal  to  -o  I  1  +  -j-^  J 
and  the  equation  to  the  curve  of  the  axia  will  be 

giving    a    central   deflection   due  to  the  load  of  ^^   — -  or  nearly 

*^*  -?-  (L  Y'    The  relation  between/and/)  is  of  the  form  of  (5)  as 
40  B  ^p  ' 

before,  only  that  now  6  =  J—    and  c  =  — ^ — ^  « nearly  —  — 

The  following  conclusions  may  be  drawn  from  the  investigation  which 
has  resulted  in  this  formula. 

First,  the  actual  strength  of  any  column  depends  partly  on  known 
facts  with  regard  to  its  dimensicms,  material,  etc.,  and  partly  on  acei- 
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dental  circamstonoes  whioh  can  neither  be  predicted  nor  obseryed. 
This  is  true  in  some  measure  of  all  constructions,  but  with  columns 
these  accidental  circumstances  do  not  merely  require  corrections  in  the 
calculations  of  strength  that  would  otherwise  be  true,  but  are  goTeming 
factors  in  the  calculations  themselyes.  It  follows  then  that  any 
formula  such  as  (5),  supposing  the  constants  determined,  should 
express,  not  the  strength  which  may  be  expected  from  a  particular 
column  of  certain  dimensions  and  material,  but  the  minimum  strength 
which  experiments  show  may  fairly  be  expected  with  ordinary  care  and 
skill  in  manufacture.  The  strength  of  a  number  of  colunms  apparently 
alike  and  loaded  alike  may  be  expected  to  vary  widely  without 
apparent  cause,  and  a  formula  for  practical  use  should  express  the 
minimum  and  not  the  average  of  the  results  given  by  a  very  wide  and 
numerous  range  of  experiments. 

Secondly,  experiments  on  the  crippling  or  destruction  of  columns 
cannot  be  expected  to  give  coherent  results  when  applied  to  the  deter- 
mination of  the  constants  in  any  formula  such  as  (5).  The  reasons 
for  this  have  been  fuUy  indicated  already.  The  constants  can  only 
properly  be  determined  by  experiments  within  the  limits  for  which  the 
column  is  perfectly  elastic,  and  unfortunately  very  few  experimenta 
have  been  made  of  that  kind.  One  method  of  determining  the 
constants  would  be  to  measure  the  variations  of  deflection  for 
given  increments  of  load.     If  ^  be  the  increase  of  deflection  for  an 

increase  of  load  p,  we  have  for  a  hinged  column  '^"^  g    vT  / 
and  6  =  nearly  9c. 

For  a  fixed-end  column  (on  the  second  hypothesis,  which  is  probably 

the  truer)  ^^2cr  |  (1  V  and  6 -40c, 

Another  method  of  determining  h  and  c  is  to  observe  the  limit  of 
elasticity  of  the  column  as  a  whole  and  assume  that  this  corresponds 
with  the  stress  in  the  extreme  fibres,  /  being  the  limit  of  elasticity  of 
the  material  under  direct  stress.  In  Mr.  Christie's  experiments  (Proc. 
Am.  Soc.  C.  E.,  1884)  there  are  some  observations  which  enable  the 
first  method  to  be  applied.  In  Mr.  Bouscaren's  experiments  (Proc. 
Am.  Soc.  C.  E.,  1880)  are  some  which  enable  the  second  method  to  be 
applied.  Unfortunately  the  majority  of  experiments  are  made  on  flat- 
ended  columns,  and  no  deduction  can  be  made  for  our  present  purpose 
from  them. 

I  According  to  the  experiments  mentioned  above,  it  would  seem  safe 
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to  place  c  for  hinged  columns  at  .05,  and  h  at  M,  If  then  we  take  E 
to  be  13,500  tons  and  /  (limit  of  elasticity  in  direct  stress)  15  tons, 
which  figures  would  apply  to  mild  steel,  and  if,  further,  we  allow  the 
working  load  to  be  half  the  elastic  load,  we  shall  have  as  the  working 
in  lbs.  per  sq.  in.  of  a  mild  steel  hinged  column 

16,800 

For  fixed-end  columns  it  would  seem  that  c  might  be  put  at  .0075 
and  b  at  .3,  and  the  safe  load  on  a  fixed-end  column  in  lbs.  per  sq.  in. 
would  then  be 

16,800 

These  determinations  cannot,  however,  be  recommended  with  any 
confidence  on  such  a  narrow  basis  of  experiment.  They  would  give 
higher  working  loads  for  long  columns  relatively  to  short  ones  than  the 
formulas  and  tables  now  in  use.  The  fact  that  they  disagree  with 
present  practice  we  do  not  regard  as  a  condemnation,  because  present 
practice  judges  of  the  strength  of  a  column  for  ordinary  working  loads 
solely  by  its  ultimate  strength,  which  we  regard  as  a  false  principle,  but 
at  the  same  time  so  radical  a  departure  as  is  now  advocated  could  not 
prudently  be  made  until  a  sufficient  experimental  basis  is  found  for  it 
as  well  as  full  theoretical  justification. 

The  method  chiefly  used  by  engineers  now  is  to  make  the  working 
load  a  definite  fraction  of  the  load  of  rupture  as  determined  by  experi- 
ments for  a  similar  section,  and  this  is  the  best  plan  available ;  but  it 
must  not  be  supposed  that  it  secures  anything  like  a  definite  limit  of 
working  stress  in  the  column.  The  term  "  crippling  load  "  means  differ- 
ent things  with  different  experimenters.  "  Crippling  "  occurs  in  various 
ways  with  different  columns,  and  the  ratio  of  the  crippling  load  to  the 
elastic  load  varies  very  greatly  with  different  proportions  of  columns. 
Further,  the  stress  in  the  innermost  fibres  of  a  column  at  its  point  of 
failure  is  not  the  ultimate  stress  of  the  fibres,  or  any  constant  amount 
whatever. 

Thirdly,  since/  (or  more  strictly  ^)  is  a  coefficient  of  /_  ]    in  the 

denominator  of  (5),  the  question  is  raised  as  to  whether  /  should  be 
made  the  elastic  limit  of  the  material  in  direct  compression,  and  the 
working  load  made  a  definite  fraction  of  the  value  of />  so  derived  ^m 
(5),  or  whether /should  be  made  the  permissible  working  stress  in  the 
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extreme  fibres,  and  the  working  load  p  derived  directly  by  (5)  from  it 
Tbe  two  methods  woold  give  different  wo^ng  loads  which  would  agree 

Ibr  short  columns  and  diverge  more  and  more  as  (^  \   increased,  the  first 

method  giving  the  higher  load.  The  first  seems,  however,  the  more 
logical  plan,  and  has  been  followed  in  the  tentative  formulso  (6)  and  (7). 
By  it  the  working  load  is  made  a  definite  fraction  of  the  load  at  which 
the  column,  as  a  whole,  ceases  to  be  perfectly  elastic  As  we  have 
before  said,  the  margin  between  this  elastic  limit  of  the  column  and  its 
failing  point  may  vary  enormously  for  different  proportions  of  columns. 

Fourthly,  comparing  hinged  and  fixed-end  columns,  we  see  that  the 
strength  of  hinged  columns  may  be  expected  to  be  much  more  variable 
even  than  that  of  those  with  fixed  ends,  because  it  depends  on  two  vari- 
able elements  a  and  (^q,  while  the  fixed  end  gets  rid  of  a.  For  a  hinged 
column  accurately  centered  a^  =  o,  and  a  =  ±  k  sin  ^  being  opposite 
in  sign  to  <^o,  unless  the  hinge  were  very  small  indeed,  b  and  c  would 
then  be  n^ative.  The  meaning  of  this  is  that  the  friction  would  never 
rise  to  its  limiting  value,  and  the  column  would  behave  exactly  as  if  its 
ends  were  fixed.     The  moment  at  the  end  of  a  fixed  column  under  a 

loadp  b  nearly  jp  ^  j  1+  ^^  /.  \    I  ,  and  while  p  is  within  the 

elastic  load,  the  moment  of  friction  in  a  hinge  of  ordinary  size  will  be 
greater  than  this.  When  p  reaches  such  a  magnitude  that  the  friction 
is  not  sufficient  to  resist  rotation,  we  may  expect  the  column  suddenly 
to  spring  into  a  new  position  of  equilibrium. 

We  see,  then,  that  according  to  formula  (5)  an  accurately  centered 
pinned  column  will  safely  bear  as  great  a  load  as  if  its  ends  were  fixed, 
and  would  be  much  weaker  if  it  rested  on  knife  edges.  It  is  possible, 
however,  that  in  structures  the  vibration  which  usually  accompaniee 
increase  of  load  may  destroy  the  friction  to  a  great  extent,  and,  if  so, 
it  would  largely  diminish  the  strength  we  might  otherwise  allow  for  in 
pinned  columns  well  centered,  and  besides  that  ao  may  in  practice  have 
a  very  appreciable  value. 

The  above  conclusions,  which  are  strictly  deduced  from  our  investi- 
gation, agree  in  general  with  the  observations  made  by  Mr.  Christie  oa 
his  experiments  referred  to  above. 

At  first  sight  it  might  seem  an  objection  to  formula  (5)  that  whem 

—  becomes  very  small  p  does  not  approach  the  value  /as  a  limit,  bnt 
a  definite  quantity  less  than/.    A  little  consideration,  however,  will 
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Bhow  that  May  theory  which  takes  into  account  the  variations  from  ideal 
conditions  on  which  the  flexnre  of  columns  really  depends  on^t  to  give 
that  result.  It  must  be  remembered  tihat/is  not  the  safe  load  per  sq. 
in.  on  a  short  column  uniformly  loaded,  but  the  stress  per  sq.  in.  in  the 
extreme  fibres,  and  this  will  always  be  greater  than  the  average  stress, 
except  under  the  ideal  conditions  of  o.  and  ^^  being  zero,  which  lead  to 
Euler's  theory. 

The  formulae  hitherto  used  to  express  the  strength  of  columns  have 
been  empirical,  that  is,  have  been  framed  so  as  to  agree  as  nearly  as 
possible  with  the  results  of  experiments.  One  of  them  has  practically 
displaced  all  others,  and  is  known  as  €K)rdon's  formula,  having  been 
first  made  widely  known  by  Professor  Lewis  Gordon,  although  it  was 
put  forward  originally  by  Tredgold.  Using  the  same  symbols  as 
hitherto  it  is  as  follows : 

/ 


p  = 


l+c 


(7)' 


[and  is  Bometimes  giTen  in  a  less  oorreet  form  as  : 
P  =  . 77TT       ] 


l+c 


G) 


We  see  that  for  columns  of  similar  section  in  which    ^  is  the  same, 


P 


this  is  practically  the  same  formula  as  (5),  for  the  second  term  in  the 
denominator  of  (5)  could  then  be  got  rid  of  by  using  a  different  value 

for  /,  viz. :  1. ,  the  safe  load  per  square  inch  on  a  short  col- 

umn  of  the  section  in  question.  It  may  be  regarded  as  a  confirmation 
of  the  truth  of  the  principles  on  which  we  have  proceeded  that  we  have 
arrived  at  a  similar  formula  in  the  main  to  that  which  is  usually 
accepted  as  the  nearest  possible  expression  of  experimental  results. 
The  agreement  of  Gordon's  formula  with  experiments  on  the  destruc- 
tion of  columns  is,  however,  only  comparative,  and,  as  we  have  pointed 
out,  could  only  be  expected  to  be  so.     It  would  appear  a  priori  that 

A 

the  introduction  of  /  — ^     into  Gordon's  formula,   or  some  similar 

correction,  ought  to  be  an  improvement,  because,  of  two  sections 
having  an  equal  radius  of  gyration,  that  one  with  a  smaUer  external 
diameter  would  have  a  higher  elastic  limit  per  square  inch.      The 
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results  of  experimeats  also  have  shown  that  Qordon's  formula  requires 
a  different  value  of  c  for  different  sections  of  column. 

In  designing  a  column  it  is  clear  that,  according  to  formula  (5),  a 

A 
given  cross-section  A  will  give  the  greatest  strength :  first,  when  _  is  as 

P* 
small  as  possible;  secondly,  when^Ij    is  as  small  as  possible.     We 

A  •     \  2 

therefore  give  a  table  of  the  values  of  ~.  and   (  !1 )    for  some  simple 

P  ^p^ 

forms  of  cross-section. 


Form  of  CroM-sectf on. 


1 .  Solid  circular 

2.  Solid  square 

3.  do        do    

4. Hollow  circular  (thin] 
eliell  of  radius  r  aud  > 
thickness  d) J 

6.  Hollow  square  (thin  \ 
shell  of  side  2a  and  I 
thickness  d) j 

6.  do  do        •••• 

7.  Square,  side  2a,  in 
which  material  is  con- 
centrated in  the  four 
angular  points 

8.  do         do 

9.  Square,  side  2a,  in 
which  material  is  con- 
centrated along  two 
opposite  sides  of  thick- 
ness d •••• 

10.  do         do 


11. 
12. 


do 


do 


Angle  bar,   side  a,  | 
(small)  thickness  (2..  ( 


Plane  of  flexure. 


Immaterial .... 
Bisecting  sides. 
Through  diagonal 

Immaterial .  •  •  • 


Bisecting  sides. 
Through  diagonal 

Bisecting  sides.. 

Through  diagonal 

Bisecting   closed 
sides 


Bisecting    open 
sides 


Through  diagonal 

Through  root  of 
angle 


A 


4n  or  12-6 
12 
12 


96<P    ^^  .1A 
-A- "^2? 


or 


3A 


96d 

A      "    2a= 

A^ 

a* 

Jl 

a» 

16*    ^,     A 


4Sd*  ^,  3A 
-A-  ^'-^ 
24(P   ^^  3A 


24A 
if 


^  P 


i 

3 

1 
2 

1 

3 
3 
3 


Nos.  7  and  9  are  the  ultimate  forms  of  built  up  square  columns  with 
four  sides  latticed  and  with  two  plated  and  two  latticed  respectively. 
It  appears  doubtful,  as  was  said  before,  however,  how  far  the  flexure 
of  built  up  columns  can  be  expected  to  follow  the  same  laws  as  those 
of  solid  columns. 
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The  table  contradicts  common  impressions  in  one  or  two  respects. 
It  is  commonly  supposed  that  a  square  column  is  weakest  for  flexure 
in  a  plane  bisecting  its  sides,  but,  since  the  moment  of  inertia  of  the 
oross-section  is  the  same  for  all  axes,  the  moment  of  resistance  for  a 
given  curvature  will  be  the  same  for  all  planes  of  flexure,  and  acci- 
dental circumstances  will  determine  the  plane  in  which  flexure 
actually  occurs.       For  a  plane  through  a  diagonal  of  the  square, 

however,    [   —  )     is  twice  as  great  as  for  a  plane  bisecting  the  sides, 

and  therefore  the  diagonal  plane  is  the  one  in  which  the  column  would 
soonest  reach  its  limit  of  elasticity.  For  this  plane  a  solid  square 
column  is  therefore  weaker  than  a  solid  circular  column  of  equal  length 
and  weight,  while,  if  the  plane  of  flexure  bisecting  the  sides  of  the 
square  were  alone  regarded,  the  square  column  would  be  the  stronger, 
p  being  almost  the  same  for  both.  If  hollow  square  and  circular  shells 
be  compared,  similar  remarks  apply,  only  in  this  case  the  circle  has  the 
advantage  also  of  a  larger  radius  of  gyration  nearly  in  the  ratio  of 
ten-ninths.  If  square  columns  of  equal  length  and  weight  be  com- 
pared, in  which  the  material  is  in  the  first  case  distributed  in  a  uniform 
shell,  in  ihe  second  along  two  sides  of  the  square  only,  and  in  the  third 
concentrated  in  the  four  angular  points  only,  and  taking  for  each  case 

A 

ihe  most  unfavorable  plane  of  flexure  —  varies  in  the  three  cases  as 

3:6:2  and  (  ^  )  as  3 :  3 :  2,  showing  that  the  last  form  has  a  con- 
siderable advantage  in  both  respects  over  the  others,  and  that  the  fully 
closed  square  is  more  economical  than  that  latticed  on  two  faces. 


DISCUSSION. 

Piof .  Coiiignon  Professor  Collignon  said  he  did  not  propose  to  discuss  Mr.  Findlay's  cal- 
oulations  in  detail,  bat  would  refer  to  a  pamphlet  on  the  subject  which 
he  himself  had  written  in  January,  1889,  and  which  seemed  to  throw 
some  light  on  the  question  of  struts  loaded  at  the  ends. 

It  at  least  shows  that  the  indeterminate  result  of  the  analytic  solution 
of  the  problem  is  due  to  the  approximate  method  employed  in  solving 
tlie  equations,  and  that  it  will  disappear  when  the  solution  is  more 
complete  and  rigourous.  He  would  also  beg  to  remark  that  the  thoory  of 
struts  loaded  at  the  ends  does  not,  in  his  opinion,  aim  at  determining 
what  takes  place  when  the  strut  bends  and  is  going  to  break,  but 
rather  at  investigating  the  conditions  which  it  must  satisfy  in  order 
that  it  may  neither  tend  to  bend  nor  break.  Engineers  are  nowadays 
very  nearly  in  accord  on  this  last  practical  question,  and  the  formulas 
which  they  employ,  very  different  according  to  thee  luatry  and  customs, 
lead  to  th%  some  results,  excepting  as  to  the  degree  of  safety  adopted. 

Prof.  Barr.  The  subject  of  long  columus  has  probably  received  as  much  analytical 

consideration  as  any  one  construction  with  which  the  engineer  has  to 
deal,  and  yet  it  is  a  little  singular  that  most  of  the  latest  purely  mathe- 
matical treatments  of  this  problem  are  radically  in  error  in  the  assump- 
tions on  which  the  mathematics  of  the  subject  are  based.  Unless  the 
writer  quite  misapprehends  its  scope,  this  paper  is  not  an  exception  to 
the  last  observation.  Euler  and  the  eminent  mechanicians  from  his 
time  down  to  the  present*  with  Saint  Venant  and  Clebsch  pre-eminent 
among  the  later  ones,  saw  and  promised  that  the  common  theory  of 
flexure  could  only  be  applied  with  even  approximate  accuracy  to  columns 
whose  lengths  were  very  great  as  compared  with  their  lateral  dimensions 
in  the  plane  of  flexure.  Just  what  these  lengths  are  it  is  perhaps  im- 
possible to  exactly  determine,  but  we  know  that  with  wrought  iron,  for 
which  the  coefficient  of  elasticity  in  compression  may  be  taken  at 
28,000,000  lbs.,  and  the  ultimate  resistance  to  compression  in  short 
looks  at  60,000  lbs.,  the  lengths  will  considerably  exceed  140  and  70 
times  the  radius  of  gyration  for  fixed  and  rounded  ends,  respectively, 
thus  excluding  the  greater  part  or  all  of  the  columns  used  in  railroad 
bridges.    In  fact  a  considerable  number  of  Mr.  Christie's  tests  of  very 
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long  angle  iron  strata  indicate  with  strong  probability  that  these  limits 
shoald  not  be  taken  lower  than  250  and  125  times  the  radius  of 
gyration,  which  would  leave  nothing  in  the  field  of  bridge  columns 
to  be  even  approximately  covered  by  the  theory.  Such  experimental 
results  constitute  by  the  process  of  exclusion  a  most  interesting 
confirmation  of  the  common  theory  of  flexure  in  its  own  proper  field, 
but  demonstrate  the  hopeless  futility  of  any  and  all  attempts  to  force 
from  it  a  column  formula  for  bridge  members.  This  erroneous  impres- 
sion regarding  the  applicability  of  the  common  theory  of  flexure  to 
ordinary  compression  members  is  probably  due  to  the  fact  that,  with  one 
or  two  exceptions  only,  writers  of  authority  in  the  English  language 
assume  either  the  theory  itself,  or  such  imaginary  and  erroneous  con- 
ditions as  enable  some  of  its  chief  features  to  flow  from  them  in  a  very 
simple  manner,  and  thus  utterly  fuil  to  discover  its  true  scope.  If  the 
theory  were  deduced  from  the  fundamental  conceptions  of  the  mathema- 
tical theory  of  elasticity  in  solid  bodies,  as  it  should  be,  engineering 
authorities  would  fall  into  much  fewer  errors  regarding  its  use,  and, 
among  others,  the  statement  that  it  requires  normal  sections  plane  before 
flexure  to  remain  plane  during  flexure.  The  theory  shows,  in  fact,  that 
such  sections,  in  the  general  case,  cannot  possibly  remain  plane  when, 
flexure  takes  place. 

Buty  returning  to  Mr.  Findlay's  paper,  the  writer  thinks  that  it  will 
impress  most  experienced  structural  engineers  that  his  assumption  of  the 
eccentricity  (a)  of  the  line  of  applied  load  is  very  far,  in  most  cases,  from 
representing  actual  column  conditions.  If  the  columns  are  with  flat  ends, 
it  is  scarcely  probable,  and  much  less  possible,  that  the  line  joining 
centres  of  pressure  at  their  ends  will  be  exactly  parallel  to  its  axis.  In 
fact  those  centres  are  as  liable  to  lie  on  opposite  sides  of  the  column  axis  as 
to  occupy  other  positions,  if  not  far  moi*e  so.  If  the  columns  are  with 
pin  ends  the  assumption  of  a  mean  eccentricity  of  appreciable  value  is 
still  more  liable  to  be  erroneous,  for  the  centres  of  pressure  are  then< 
essentinlly,  if  not  exactly,  at  the  pin  centres  in  the  column  axis  at  each 
end.  The  matter  of  pin  friction  is  too  indeterminate  to  make  it  other 
than  dangerous  to  attempt  to  definitely  represent  it  in  an  analytical 
column  formula,  either  by  means  of  eccentricity  or  otherwise.  These 
condderations  in  connection  with  the  rough  analytical  approximations, 
by  which  Mr.  Findlay  causes  a  and  do  to  be  displaced  by  measurable 
elements,  make  it  a  matter  of  very  serious  doubt  whether  his  formulae 
are  as  exact,  in  the  end,  as  theoretical  expressions,  as  Euler's.  The 
assumption  of  a  mean  value  of  eccentricities  conduces  to  simplicity  in 
analytioai  treatment,  and  is  certainly  justifiable  on  that  ground  ;  but 
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there  is  equally  good  reason  for  going  a  short  step  farther  and  making 
the  **  mean  value  *'  zero,  as  is  done  in  Euler's  formula.  In  reality,  as 
Mr.  Findlay  observes,  his  formula  is  in  no  way  different  from  Euler's, 
except  in  the  fact  that  the  latter  makes  the  former's  a  equal  to  zero. 
Hence  the  main  features  of  both  expressions,  as  column  formulae,  mast 
be  essentially  the  same,  and  as  it  has  been  shown  that  both  involve  about 
the  same  d^rce  of  approximation,  it  is  reasonable  to  conclude  that 
neither  will,  on  the  whole,  give  actual  column  resistances  much  nearer 
than  the  other.  This  conclusion  is  confirmed  by  results  of  tests  on  full- 
sized  columns. 

These  latter  also  confirm  the  conclusion  reached  in  this  discussion  as 
to  the  impossibility  of  establishing  any  column  formula  for  ordinary 
bridge  members  by  the  use  of  the  common  theory  of  flexure. 

In  1879  Messrs.  Clarke,  Beeves  &  Co.  tested  to  destruction  sixteen 
full  sized  Phoenix  Columns  with  flat  ends,  in  the  large  testing  machine 
at  the  XJ.  S.  Arsenal  at  Watertown,  Mass.  Each  of  these  columns  had 
a  sectional  area  of  a  little  over  12  square  inches,  and  their  lengths  varied 
from  7  to  28  feet.  Between  the  values  of  28  and  112  for  the  ratio  of 
1 -7- r  (length  divided  by  radius  of  gyration)  the  following  simple  for- 
mula gives  values  of  the  ultimate  resistance  in  pounds  per  square  inch 
far  more  closely  than  any  form  of  expression  that  can  be  deduced  from 
the  common  theory  of  flexure  : 

p  =  39640—46^         (1) 

It  is  believed  that  this  experimental  form  of  column  formula  was 
first  given  by  the  writer  in  a  discussion  of  these  tests,  as  published  in 
the  Transactions  of  the  American  Society  of  Civil  Engineers  for  1881. 
It  has  since  come  into  quite  common  use. 

During  the  years  1880,  1881,  etc.,  a  series  of  70  testa  of  full  sized 
latticed  channel  columns  was  completed  at  the  IT.  S.  Arsenal  at  Water- 
town,  Mass.,  and  the  results  were  published  in  various  "  Ex.  Docs.'* 
by  the  XJ.  S.  Oovemment.  These  columns  had  3^  inch  pin  ends  with 
6  to  12  inch  channels  having  areas  from  4.65  square  inches  to  21.00 
square  inches,  and  lengths  from  10  feet  to  30  feet.  Between  valaes 
of  30  and  130  for  1  ^  r  the  formula : 

p  =  40,000  —  110  J        (2) 

gives  ultimate  resistance  in  pounds  per  s(iuare  inch  nearer  to  the  test 
results  than  any  formula  derived  from  the  theory  of  flexure,  although 
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the  following  is  tolerably  satisfaotory  : 

Tbree  inch  squire  solid  wrought  iron  columns,  varying  in  length 
from  30  to  179.5  inches,  and  tested  in  the  same  riaachine,  with  1^  inch 
pin  ends,  yielded  the  following  very  close  formula  bstween  1  t  r  =  30 
and  210:— 

p  -  32,000  —  80  J 

r         (4) 

The  full  sized  tests  by  Mr.  James  Christie,  mentioned  by  Mr.  Find- 
lay,  gave  the  following  very  close  expressions  for  ultimate  resistances  in 
pounds  per  square  inch  : — 
Flat  and  fixed  end  iron  angles  and  Tees  : — 

p  =44,000  —  140-1        (^) 
r 

Round  end  iron  angles  and  Tees  : — 

I 


p  =  46,000  —  175— 
r 

Flat  end  mild  steel  angles : — 


(6) 


P=  53,000 -180l       ^^^ 

Flat  end  high  steel  angles  : — 

P  =  W,00O-290i-      ^^^ 

Equations  (5),  (6),  (7)  and  (8)  are  to.be  used  only  between 

Jl  =40  and  200. 

r 

Flat  end  iron  channels  and  I  beams  for -~=  20  to  240  : — 

r 

p  =  40,000  —  IIOJ-      ,  , 
r        (9) 

It  has  not  been  thought  necessary  to  reproduce  here  either  the  mass 
of  numerical  results  showing  a  comparison  between  the  experimental 
resistances  and  those  derived  from  Equation?  (1)  to  (9),  or  the  scale 
diagrams  showing  the  same  thing,  but  they  may  be  seen  in  all  detail 
and  consulted  in  the  writer's  '<  Eesistance  of  Materials,"  pages  450  to 
462. 

None  of  the  above  Equations  except  Equation  (3)  can  be  established 
either  in  form  or  type  by  the  common  theory  of  flexure,  nor  do3s  Equa- 
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tion  (3)  or  any  other  formula  similar  to  it  or  to  Euler'sgive  results  agree- 
ing nearly  as  well,  with  full  sized  tests,  as  those  of  the  ahovo  equations 
between  the  limits  indicated,  which,  it  is  important  to  observe,  are 
both  below  the  theoretical  Umits  of  applicability  of  Euler's  formula. 
The  crucial  test  of  actual  experience,  therefore,  shows  only  what  the 
true  theory  establishes  with  equal  clearness  and  certainty,  viz.,  that 
no  formula  based  on  the  common  theory  of  flexure  can  be  devised 
which  will  satisfactorily  represent  the  ultimate  resistances  of  ordinary 
bridge  columns. 

icr  Moniton.  Having  carefully  followed  Mr.  Fiodlay's  demonstration  of  the  for- 
mula he  presents  for  the  permissible  stress  in  columns,  it  seems  to  the 
writer  that  he  has  produced  one  which  gives  proper  expression  to  the 
factors  which  should  be  recognised  and  used  as  the  basis  of  working 
data  in  proportioning  structures. 

The  main  trouble,  however,  is,  as  he  clearly  states,  that  ezperimeo- 
ters  have  not  given  us  sufficiently  complete  data,  in  the  reports  of  their 
tests,  to  enable  us  to  judge  accurately  when  in  the  tests  the  elastic  limit 
was  passed,  and  at  what  points  actual  crippling  of  the  piece  as  a  whole 
occurred. 

The  writer  has  never  doubted  that  if  we  could  determine  with  cer- 
tainty, in  compressive  tests  on  columns,  the  stage  at  which  the  elastic 
limit  is  passed,  it  would  be  found  to  vary  with  much  more  regularity 
than  that  at  which  crippling  takes  place. 

Could  we  have  a  sufficient  number  of  reliable  experiments,  conducted 
according  to  a  proper  system,  and  covering  the  ordinary  range  of  lengths 
and  forms  of  cross  section,  so  as  to  obtain  the  elastic  limit  for  each  case 
in  a  similar  manner,  there  would  result  much  more  rational  data  from 
which  to  determine  our  working  values  than  those  on  which  our  present 
formulae  are  based. 

There  is,  however,  little  likelihood  of  such  experimental  work  being         | 
done  for  some  time,  hence  the  question  arises  whether  we  can  improve  j 

our  formulsd  with  our  present  data.  I 

For  determining  the  modulus  of  elasticity  of  a  built  column,  th  e  best 
way  would  of  course  be  to  test  one  like  it^  otherwise  we  must  determine 
the  compressive  moduli  of  the  component  parts,  either  by  direct  com- 
pressive tests,  requiring  much  care  in  preparation,  or  by  approximationa 
from  the  tension  moduli,  and  assume  that  the  resultant  is  like  that  of 
the  whole  column. 

The  writer  has  little  faith  in  the  latter  method,  as  he  has  seen,  in 
steel,  so  much  variation  in   the  moduli!  of  the  parts  composing  a 
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-oertain  bailt  member,  and  has  also  observed,  in  the  ease  of  a  very 
few  steel  posts,  where  he  has  had  accurate  data  for  oomparisoD,  the 
farther  yariation  of  these  modnlii  from  that  of  the  post  as  a  whole. 

If  we  could  refer  our  permissible  stress  to  the  elastic  limit,  the  fac. 
tor  or  ratio  would  be,  of  course,  much  less  than  we  now  use  when 
referring  to  the  ultimate  crushing  strength,  and  consequentlj  we  should 
have  to  deal  very  carefully  with  the  circumstances  tending  to  vary 
the  elastic  limit. 

Mr.  Findlay  makes  an  excellent  point  when  he  introduces  the  factor 

(r  V  into  his  formula,  and  were  Gordon's  (or  Rankine's)  a  more 
f*  '  rational  formula,  the  writer  would  agree  that  it  would  be  well  to 
introduce  it  there ;  but,  as  far  as  our  practice  in  the  United  States  is 
ooncemed,  the  tendency  is  to  forsake  the  formula  as  it  stands  for  simpler 
forms  which  represent  straight  lines,  and  seem  to  fit  in  between  the 
experiments  about  as  well,  and  any  further  complication  or  rather 
^iddition  to  the  formula  would  be  about  as  hard  to  introduce  with  us  as 
an  entirely  new  formula. 

The  disturbing  element  in  railroad  structures,  which  has  always 
seemed  to  the  writer  to  tend  to  vitiate  any  deductions  drawn  from 
<][uie8cent  tests  in  the  physical  laboratory,  is  the  vibration  during  the 
passage  of  rapidly  moving  loads. 

We  are  of  course  trying  to  arrange  our  formulae  to  take  account  of 
this,  but  when  we  get  down  to  bottom  facts  what  have  we  for  data  on 
irhich  to  base  our  changes  ? 

Fresh  in  mind  is  a  discussion  on  a  set  of  formulae  presented  to  the 
Am.  Soc.  C.  E.,  which  embodied  the  ideas  brought  out  by  the  experi- 
ments of  Wohler  and  Spangenburg ;  and  it  was  argued,  and  the  writer 
thinks  maintained,  by  the  majority  of  our  most  prominent  experts, 
that  the  experiments  and  the  data  afforded  by  them  were  not  sufficient  to 
warrant  us  in  accepting  and  applying  the  theory  in  the  form  then  pre- 
sented. 

Such  being  the  case  with  a  long  series  of  experiments  in  evidence,  how 
iitUe  direct  and  conclusive  testimony  may  we  be  said  to  have  regarding 
the  effect  of  vibration  on  the  resistance  of  the  compression  members  in 
a  railroad  bridge  ?  None  attempt  to  ignore  its  influence,  and  the 
iheory  most  accepted  with  us  now  is  to  make  the  permissible  working 
stress  for  live  loads  equal  to  one  half  that  for  dead  loads.  Necessarily, 
there  must  be  a  starting  point  for  the  formulae,  and  that  is  taken  so 
that  the  old  units  obtain  for  a  structure  wherein  the  dead  load  is  about 
^ne  half  the  live  load.  This  would  occur  with  the  American  type  of 
^construction  in  a  span  of  about  150  feet  single  track,  with  a  live  load 
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of  two  ooDsolidation  engines  each  weighing  about  83  net  tons  on  50 
feet,  followed  by  a  train  of  3000  lbs.  per  lineal  foot. 

The  first  advance  was  in  using  Bankine's  formula  expressed  in  the 
present  paper 

/ 


p  =. 


1  +  c 


Qy 


in  which  the  constant ''  o  "  varied  with  the  form  of  section  as  before,  and 
the  constant  ^'/"  was  made  8000  lbs.,  increased  in  a  certain  ratio  as  the 
Span  exceeded  150  feet — ^all  applied  to  the  combined  live  and  dead 
stresses. 

As  before  mentioned,  the  form  most  in  present  favour  is  a  formula  of 
a  straight  line,  and  is  applied  to  the  live  and  dead  load  stresses  separ- 
ately, giving  the  permissible  unit  stresses  for  the  former  just  one  half 
of  those  for  the  latter« 

The  writer  has  preferred ^o  retain  the  ''  Eankine  "  form,  giving  as  it 
does  a  somewhat  greater  range,  varying  the  constant  ''/"  in  a  similar 
manner  for  live  and  dead  loads  separately,  and  has  found  it  quite  accept- 
able to  a  number  of  engineers  of  prominence. 

It  is  his  belief  that  the  next  move  in  experimental  work  of  value,  to 
determine  the  working  strength  of  columns,  will  have  to  be  made  by 
applying  some  form  of  self-registering  dynamometer  to  columns  in  exist- 
ing bridges  during  the  passage  of  trains,  and  by  systematic  experiment 
with  known  loads  and  velocities  ascertain  what  our  compression  mem- 
bers already  constructed  and  in  constant  use  are  doing  under  their 
daily  conditions,  and  from  such  data,  together  with  full  knowledge  of 
the  parts  when  unloaded,  ascertain  the  state  of  our  practice  in  design- 
ing columns,  and  wherein  it  should  be  improved. 

ifr.  Whited.  The  author  speaks  of  Euler's  theory  of  columns  as  being  unsound. 
It  is  a  fact  that  a  long  column  shows  no  notable  deflection  until  it  is 
loaded  very  nearly  up  to  its  ultimate  strength,  and  although  it  may  be 
difficult  to  understand  how  the  same  load  that  first  produces  flexure  is 
sufficient  to  bend  the  column  double,  experience  shows  that  the  increase 
of  load  necessary  is  slight,  and  it  is  quite  possible  that  that  slight 
increment  may  be  accounted  for  by  the  internal  stresses,  the  want  of 
uniformity,  and  the  eccentricity  of  the  column. 

He  also  says  that  the  lengthof  a  wrought  iron  column  must  be  about 
100  times  its  radius  of  gyration  in  order  that  it  may  fail  by  bending 
under  a  load  equal  to  its  elastic  limit,  and  about  140  times  its  radius  of 
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gTration — not  400  times,  as  the  author  states — in  order  that  it  may  fail 
under  ^  its  elastio  limit  according  to  Ealer*8  theory,  while  colnmns 
much  shorter  than  this  actually  do  fail  by  beuding.  These  facts  may 
be  accounted  for  by  the  fact,  that  some  portion  of  the  shorter  column  is 
strained  beyond  the  elastic  limit  before  Euler's  limit  is  reached,  and 
therefore  no  rational  theory  will  hold,  and  experiments  prove  very 
little.  It  may  be  assumed  that  whenever  any  portion  of  a  column 
is  strained  beyond  its  elastic  limit,  bending  will  take  place  provided 

i_  exceeds  a  certain  very  moderate  amount.  Euler's  theory  is  based 
^  s 

upon  conditions  that  are  not  realized  in  practice,  but  that  is  the  case 
with  a  great  many  other  physical  theories. 

With  regard  to  the  values  of  f  and  c,  they  seem  to  depend  very 
much  upon  circumstances,  and  that  the  engineer  has  an  excellent  chance 
to  use  a  little  good  judgment  in  his  assumptions.     For  example,  rolled 
wrought  iron  is  made  sometimes  from  special  and  sometimes  from  mis- 
cellaneous scrap,  but  in  any  case  it  is  liable  to  be  far  from  uniform. 
Mild  steel  is  rolled  from  the  ingot,  and  is  much  more  nearly  homoge- 
neous.   Cast  iron  is  veiy  liable  to  hidden  defects,  and  allowance  must  be 
made  for  that  fact.    The  closing  of  the  rivets  in  rivetted  columns  is  liable 
to  produce  quite  serious  internal  stresses,  the  cold  straightening  of  rolled 
metal  has  a  similar  effect.     In  columns  for  buildings  the  settlement  or 
yielding  of  something  may  change  the  manner  of  loading  very  materially. 
Such  things  as  connecting  rods  nod  other  working  parts  of  machinery 
that  are  machined  all  over  are  much  more  accurately  made  and  loaded 
than  any  class  of  structural  iron  work.     In  bridges  the   speaker  is  in 
favour  of  specifying  a  certain  maximum  eccentricity,  perhaps  about 
one-half  inch  for  ordinary  bridge  work,  and  insisting  upon  that  rule 
being  observed.     To  be  sure  some  engineers  specify  that  compression 
members  for  bridges  shall  be  perfectly  straight,  but  any  manufacturer 
will  tc'll  them  that  he  does  not  expect  to  make  anything  perfect  in  his 
establishment  until  the  millennium.     If  engineers  will  bear  this  fact 
in  mind,  and  write  specifications  that  can  be  carried  out  at  a  price  they 
are  willing  to  pay,  insist  on  their  being  strictly  carried  out,  and  make 
their  calculations  accordingly,  substituting  the  corresponding  values  for 
the  constants  in  the  author's  modification  of  Euler's  formula,  making 
due  allowance    for   accidental    circumstances,    they  will  have     their 
columns  as  well  proportioned  as  the  present  state  of  science  and  art 
will  permit  in  all  cases  where  the  author's  formula  is  available. 

The  speaker's  experimental  knowledge  of  columns  is  very  limited, 
but  the  tests  that  have  been  carried  out  were  very  carefully  made  with 


144  Diacuseion  on  Cohimns, 

the  Emery  testing  maohioe,  and  the  results  were  as  follows: — 

TS8T  NO.  1. 

H  "  ^  3^''x  ^''  I  beam,  square  ends  86.3"  long,  deflections  measured 
from  points  84"  apart.     Area  2.448  sq.  in.,  moment  of  inertia  1 .3604, 

radius  of  gyration  .7455'',  L  =  116  failed  at  91100=  37214  per  sq.  in. 

P 

Elastic  limit  in  tension  41356  per  sq.  in.,  so  that  in  view  of  the  fact  that 
the  elastic  limit  in  tension  may  differ  considerably  from  that  in  com- 
pression, and  also  owing  to  various  causes  mentioned  above,  the  stress' 
may  not  have  been  uniformly  distributed  over  the  section  of  the  column, 
and  it  is  fair  to  assume  that  some  part  of  the  column  was  strained  beyond 
the  elastic  limit  before  failure  took  place,  and  therefore  no  column  formula 
has  any  legitimate  application.  When  the  load  reached  53,000  it  was 
removed,  showing  no  permanent  compression  and  very  slight  permanent 
deflection,  and  the  deflection  did  not  reach  its  previous  amount  until  the 
^oad  reached  88,000,  and  was  not  notably  increased  till  the  load  was 
within  1  percent  of  the  ultimate  strength,  and  after  the  ultimate  strength 
was  reached  the  load  diminished  while  the  column  continued  to  deflect. 
This  was  owing  of  course  to  the  outer  fibres  being  strained  beyond  the 
clastic  limit. 

TEST  NO.  2. 

5yx4f"I  beam,  112.26"  long  square  ends,  deflections  measured 
from  points  108"  apart.  Area  =  4.854  sq.  in.,  moment  of  inertia  = 
4.97074,  radius  of  gyration  1.0119".  This  was  tested  transversely  on 
35"  bearers  with  the  load  in  the  centre  showing  a  deflection  of  .0265"  at 
5390,  whence,  by  the  equation  of  the  elastic  curve,  the  modulus  of  elasti- 
city =  36630000.  This  column  did  not  fail  under  the  greatest  load  the 
machine  was  capable  of  applying;  and  is  only  given  to  show  how  rapidly 
the  deflection  takes  place  as  the  ultimate  strength  is  approached.  It 
was  not  so  rapid  in  this  case  as  in  the  preceding  one,  doubtless  owing  to 
internal  strains  in  the  metal.  It  will  also  be  seen  that  the  column  was 
strained  very  little  beyond  its  elastic  limit. 

TEST  NO.  3. 

Another  piece  of  the  same  I  beam  from  which  2  was  cut.  This 
was  tested  on  pin  bearings,  pins  2.92'',  length  centre  to  centre  111.17", 

>-  about  110  'f  failed  at  149600  by  crippling.    The  diagram  shewed  that 

the  deflection   was    almost    nil   until   the  load   had  nearly  reached 
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the  maximum,  when  it  increased  very  rapidly,  in  the  present  case  with  a 
bound,  probably  because  the  friction  of  motion  on  the  pin  was  less  than 
the  friction  of  reat.  If  we  substitute  the  yalue  of  the  modulus  of 
elasticity  as  given  above  =  36630000  in  Euler's  formula,  we  shall 
obtain  145100  as  the  ultimate  strength  of  the  column,  which  agrees 
sufficiently  nearly  with  the  experimental  result.  It  is  to  be  understood, 
however,  that  this  fact  does  not  prove  Euler's  theory  to  be  applicable  in 
practice,  it  only  tends  to  indicate  that  the  conditions  of  the  test  were 
very  nearly  those  on  which  Euler's  theory  depends. 


Thursday,  27th  March. 
H.  T.  BovET,  Member  of  Council,  in  the  Chair. 

The  discussion  of  Mr.  M.  J.  Butler's  paper  on  '^  The  Manufacture 
of  Natural  Cement ''  and  of  Mr,  Findlay's  paper  on  **  Columns  " 
occapied  the  evening. 


Thursday,  10th  April. 

0.  E.  Goad,  Member,  in  the  Chair. 

The  following  candidates  having  been  balloted  for  were  declared 
duly  elected  as : — 

Members. 

Ira  Abbott,  Alexander  Lauder  Hogg. 

Associate  Members. 

Arthur  Thomas  Kelly  Evans,  Charles  Thomas  Stmmes. 

Associates. 

Walter  Reginald  Baker,  Hon.  Donald  McInness, 

J.  Philip  Scott. 

Students. 

Franklin  M.  Bowman,  Henrt  Robertson  Lordlt, 

John  Andrew  Duff^  James  R.  Pedder, 

Joseph  H.  Lefebyre,  Thomas  Henry  Wiggins. 

The  following  has  been  transferred  from  the  class  of  Associate  Mem- 
bers to  that  of  Members  : — 

Charles  Le  Baron  Miles. 

The  following  has  been  transferred  from  the  class  of  Associates  to 
that  of  Associate  Members  : — 

George  Brokitt  Abrey. 

The  following  has  been  transferred  from  the  class  of  Students  to 
that  of  Associate  Members  : 

Roderick  MacColl. 


IRRIGATION  IN  BRITISH  COLUMBIA. 
By  B.  Mohun,  M.  Can.  Soo.  C.  B. 

The  art  of  irrigation  may  claim  to  have  been  practised  by  the 
oldest  branch  of  that  profession  which  seeks  to  direct  the  great  sources 
of  power  in  nature  for  the  use  and  convenience  of  man.  Its  origin  is  lost 
in  the  mists  of  antiquity,  but  the  skill  and  knowledge  of  hydraulic  laws 
possessed  by  the  first  civil  engineers  are  attested  by  the  ruins  of  the 
gigantic  works  constructed  by  them  in  Bgypt  and  Assyria.  In  tha 
former  we  find  the  artificial  Lake  Mceris,  two  hundred  and  twenty-five 
miles  in  circumference,  according  to  Herodotus,  supposed  to  have  been* 
constructed  by  Amenemhat  III.  about  2380  B.C.,  the  great  Canal 
Bahr-Yoosup,  350  miles  long,  constructed  under  the  Pharaohs,  and 
repaired  by  Saladin,  and  the  Sweet  Water  Canal  attributed  to  Sesos- 
trb  about  1400  B.C.  In  Assyria,  Khammuragas,  probably  about  2000^ 
B.C.,  is  credited  with  the  construction  of  numerous  canals  and  the 
embankment  of  the  Tigris. 

About  600  B.C.  Nebuchadnezzar  embanked  the  Buphrates ;  cut 
canals  to  carry  its  overflow  into  the  Tigris ;  excavated  a  reservoir,  forty 
miles  square  and  thirty-five  feet  deep  (Herodotus)  to  receive  the 
waters  of  the  former  river,  while  its  channel  was  being  lined  with  brick ; 
and  constructed  the  far-famed  Hanging  Gardens  of  Babylon,  on  a 
series  of  arches  at  least  75  feet  high  and  400  Greek  feet  square.  It  is 
said  that  the  water  for  their  irrigation  was  raised  from  the  Euphrates 
by  an  Archimedean  screw.  In  China  its  history  appears  to  be  coeval 
with  that  of  the  Chinese  Empire.  In  India  in  modern  times  the 
Imperial  Government  spent  in  ten  years  on  irrigation  no  less  a  sum 
than  £10,457,702  sterling.  Of  this  amount  £5,673,401  was  expended 
in  the  North  West  Provinces,  including  the  great  works  of  the  Ganges, 
the  Eastern  Jumna,  the  Agra,  and  the  Lower  Ganges  canals  j  the 
area  irrigated  in  the  North  West  Provinces  being  1,461,428  acres. 

One  of  the  most  gigantic  of  modem  irrigation  schemes  is  proposed 
in  Southern  Idaho,  and  includes  the  construction  of  two  great  canals 
300  and  280  miles  long  respectively,  for  the  purpose  of  irrigating  an 
estimated  area  of  4,500,000  acres.  At  the  present  day  irrigation  is  in. 
systematic  use  on  every  continent,  and  has  proved  of  inestimable  value 
in  adding  to  the  food  supplies  of  the  population  of  the  globe. 

In  1878  the  author  received  instructions  to  report  upon  irrigation  as- 
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practised  in  British  Columbia  for  the  ioformation  of  the  Dominion 
Government^  and  this  paper  is  principally  based  upon  the  notes  then 
taken.  He  would  also  bespeak  the  indulgence  of  the  older  members, 
when  entering  into  deteils  witb  which  they  are  familiar,  but  to  which, 
it  may  reasonably  be  assumed,  some  of  the  younger  members  have  not 
probably  devoted  much  attention.  The  main  objects  of  the  investiga- 
tion were  to  ascertain  how  much  water  was  required  for  orops,  and 
whether  the  existing  supplies  were  properly  utilised. 

THE    miner's   inch. 

As  there  will  be  frequent  occasion  to  refer  to  the  Miner's  Inch,  the 
standard  measure  of  water  both  for  mining  and  agriculture,  it  may  be 
well  before  proceeding  further  to  define  it. 

In  California,  the  inch  varies  in  different  localities,  and  it  means  the 
amount  which  will  pass  through  an  orifice  one  inch  square  in  a  two 
inch  plank  with  a  certein  head  ;  the  usual  head  is  six  inches  above  the 
top  of  the  orifice.  As,  however,  the  depth  of  the  orifice  is  sometimes 
made  two  inches,  with  a  head  varying  from  five  to  eight  inches  above 
it,  it  is  obvious  that  the  inch  in  California  is  not  a  fixed  quantity  in 
practice,  and  the  writer  believes  there  is  no  State  law  regulating  it. 
Mr.  Melville  Attwood,  a  well-known  mining  engineer  in  San  Francisco, 
informed  the  author  that  the  inch  recognized  by  the  profession  gener- 
ally was  92  lbs.  a  minute.  About  sixteen  years  ago  Mr.  Amos  Bow- 
man, now  of  the  Geological  Survey  of  Canada,  then  in  California,  made 
a  practical  and  admirable  suggestion,  namely,  that  an  inch  of  water 
should  mean  100  cubic  feet  an  hour,  or  2400  cubic  feet  a  day.  Had 
his  suggestion  been  adopted,  the  matter  would  have  been  much  sim- 
plified. 

In  1878  the  Mining  Laws  of  British  Columbia  permitted  the  orifice 
to  be  ten  inches  or  less  in  depth,  with  any  head  not  more  than  seven- 
teen inches  above  the  bottom  of  the  orifice.  A  few  years  later  the 
author  brought  the  matter  to  the  notice  of  the  Provincial  Qovernment ; 
the  following  is  now  the  definition  according  to  the  Land  Act:  — 

*^  In  measuring  water  in  any  ditoh  or  sluice,  the  following  rules 
shall  be  observed : — 

**  The  water  taken  into  a  diteh  or  sluice  shall  be  measured  at  the  ditoh 
or  sluice  head.  No  water  shall  be  taken  into  a  ditoh  or  sluioe  except 
in  a  trough  placed  horizontally  at  the  place  at  which  the  water  enters 
it,  and  which  trough  shall  be  extended  two  feet  beyond  the  orifice  for 
the  discharge  of  the  water.  One  inch  of  water,  or  any  multiple 
•of  one  inch,   shall  mean  half  the  quantity  that  will  pass  through  an 
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orifice  two  inokes  high  by  one  or  more  ioohes  wide,  with  a  oonstant 
head  of  seyen  inches  above  the  upper  side  of  the  orifice." 

These  dimensions  and  head  were  adopted  as  being  as  nearly  as  possible 
in  accordance  with  the  customary  measuremeDt.  It  is  believed  that  this 
standard  has  since  been  adopted  by  the  Dominion  GoverDment. 

Taking  the  value  of  c.  at  0.645  (Greenhill  &  Unwin): — 
one  inch  =  0.645  V~29h  x  0.01389  x  43200  =  2536  cubic  feet  a  day.. 
And  for  orifice  of  different  depths  with  other  heads  the  number  of 
inches  =  C  Vh  x   273.4  x  a. 

The  construction  of  gauges  has  for  a  long  time  occupied  the  atten- 
tion of  the  hydraulic  engineers  of  Northern  Italy ;  and  the  researches 
and  experiments  made  by  tbem,  for  the  purpose  of  establishing  a  simple 
self-acting  instrument  of  that  description,  led  to  the  discovery  of  the 
following  curious  law  of  hydrodynamics,  upon  which  is  based  the  prin- 
ciple of  the  gauges  used  in  Piedmont  and  Lombardy. 

''  It  was  ascertained  that,  in  a  vase  constantly  supplied,  but  divided 
into  two  portions  by  a  diaphragm  susceptible  of  being  moved  vertically » 
with  a  discharging  orifice  on  one  side  of  the  vase,  a  constant  difference 
of  level  existed  in  the  surfaces  of  the  respective  portions  of  the 
reservoir  so  long  as  the  water  flowed  ;  and  that  this  difference  of  level 
was  greater  in  proportion  as  the  opening  of  the  diaphragm  was  less 
compared  to  that  of  the  orifice.  And  it  was  also  observed  that  if,  by 
any  change  in  the  direction  of  the  supply  or  the  flow,  the  level  were 
made  to  alter  on  either  side  of  the  diaphragm,  the  corresponding  varia- 
tions in  the  level  upon  the  two  sides  continued  always  to  be  proportional 
to  the  respective  difference  of  level  first  established.''  (Burnell.) 

Asketchof  one  of  these  modules  is  shewn  in  Plate  VII,  Figure  1,  in 
which  the  water  is  admitted  into  the  regulating  chamber  A  by  the  mova- 
ble sluice  b.  The  water  is  maintained  at  the  proper  height  in  the  regulat- 
ing chamber  when  discharging  through  the  orifice  O,  by  raising  or  lower- 
ing the  sluice  b.  The  chamber  A  is  covered  with  a  ceiling  at  the  exact 
level  of  the  required  head  (which  is  indicated  by  a  gauge)  to  still  the 
agitation  of  the  entering  water.  The  unit  of  measurement  varies  in. 
different  localities  as  follows : — 


Height  of 

Width  of 

Head  above 

cubic  feet 

Orifice. 

Orifice. 

top  of  Orifice. 

ft. 

ft. 

ft. 

a  second. 

Canal  Lodi 1.12 

0.12416 

0.32 

0.61655 

Oanal  of  Cremona.     1.31816 

0.131 

0.131 

0.722 

Sardinian  Module.     0.6562 

0.6562 

0.6562 

2.046 

Oncia    MiffiiBtrale 

of  Milan 0.655 

0.3426 

0.3294 

0.866 
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lu  Spain  a  module  giving  very  good  results  is  in  use  on  the  Madrid 
Canal,  Figure  2.  Its  construction,  however,  involves  a  serious  loss 
of  level  between  the  canal  and  the  irrigation  ditch.  This  module  con- 
sists of  two  chambers,  one  above  the  other.  To  the  upper  one  the  water 
has  free  access  from  the  canal,  in  its  floor,  which  is  also  the  roof  of  the 
lower  chamber ;  there  is  a  circular  sharp-edged  orifice  in  a  bronze  plate, 
in  which  hangs  a  circular  plug  of  varying  diameter  suspended  from  a 
float.  The  plug  13  so  shaped  that  as  the  water  in  the  upper  chamber 
rises  and  falls  and  the  float  and  plug  with  it,  the  free  passage  in  the  orifice 
is  diminished  or  enlarged,  so  that  the  quantity  discharged  is  uniform, 
though  the  head  may  vary.  From  the  lower  chamber  the  water  is  dis- 
charged through  a  culvert  into  the  irrigation  ditch. 

An  ingenious  method  of  measurement  has  been  proposed  in  England. 
In  this  module  the  orifices  are  in  a  sliding  metal  plate,  connected  by 
a  link  to  a  lever,  attiushed  at  one  end  to  a  float  in  the  regulating 
chamber,  and  so  proportioned  that  the  plate  rises  and  falls  with  the 
float,  maintaining  the  top  of  the  orifice  at  a  uniform  depth  below  the 
surface  of  the  water.  Mr.  Appold  has  also  invented  a  module  in  which 
the  water  passes  through  a  pipe  having  an  enlarged  chamber,  in  which 
swings  a  heavy  pendulum,  so  proportioned  that  the  discharging  orifice 
diminishes  as  the  pendulum  under  increased  pressure  approaches  a 
horizontal  position. 

The  general  rules  for  irrigating  crops,  laid  down  by  DeCandolle,  are 
thus  briefly  enumerated  by  Dempsey  : — 

1st.  That  the  water  should  be  well  nrated;  the  presanoe  of  atmospheric 
air  is  good,  but  that  of  carbonic  acid  gas  much  better ;  and  it  is  desir- 
able that  the  water  should  contain  fertilizing  matters. 

2nd.  In  the  winter  there  should  be  little  irrigation,  because  the 
plants  are  then  dormant,  and  water  is  then  superabundant.  In  spring 
water  is  usually  abundant.  In  summer  it  is  wanting ;  and  at  that 
time  the  water  should  be  given  in  the  evening. 

3rd.  The  quantity  of  the  water  to  be  applied  should  be  varied 
according 

a.  To  the  object  of  the  culture : — ^When  for  leaves,  more  water  should 
be  given  than  when  for  flowers ;  less  water  should  be  given  when  for 
grains  or  fruits. 

b.  To  the  depths  of  the  roots : — The  application  should  be  more 
frequent  to  the  plants  of  which  the  roots  are  superficial  ]  less  frequent 
to  deeper  roots. 

c.  To  the  structure  of  the  foliage : — Those  w'uch  evaporate  muck 
(such  as  plants  with  large  leaves)  more  frequently  than  perennial,  or 
plants  with  thick  leaves. 
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d.  To  the  consistence  of  the  stalks  and  of  the  roots: — Roots  with 
fleshy  fibres  do  not  thrive  if  too  abundantly  watered;  at  the 
same  time  they  are  injured  by  dryness.  Tuberculous  or  bulbous 
plants,  or  plants  with  fleshy  leaves,  can  bear  a  long-continued  dryness, 
and  therefore  infrequent,  yet  abundant,  watering  suits  them  well. 

e.  To  the  stage  of  vegetation : — It  is  important  to  bear  in  mind 
that  young  germinating  plants  require  light  and  frequent  waterings ; 
those  that  are  in  the  height  of  growth  abundant  waterings ;  and  when  the 
fruit  or  seed  is  being  matured  the  waterings  should  be  infrequent. 

Those  that  have  been  transplanted  require  abundant  watering. 
/.  To  the  nature  of  the  soil,  according  to  which  the  rules  must  be 
modified : — The  lighter  the  soil  the  more  frequent  and  plentiful  must 
be  the  waterings.     If  it  is  a  compact  and  clayey  soil,  less  watering 
wiU  be  required. 

g.  To  the  state  of  the  atmosphere : — It  will  be  readily  conceived 
that  the  watering  must  be  more  frequent  when  the  temperature  is  high, 
the  sky  clear,  and  the  air  dry,  and  during  drought. 
Quantities  necessary  in  Europe,  Africa  and  Asia. 
In  connection  with  the  subject  it  will  be  weU  to  consider  the  quanti- 
ties estimated  to  be  necessary  in  different  localities,  when  irrigation  on 
an  extensive  scale  is  carried  on  ;  and  Mr.  Bumell  gives  the  following 
figures: 

Grau  d' Aries 932  cubic  feet  per  acre  a  day. 

Haute  Garonne 622     "  *'      "      "    "     " 

Algeria 244     "  "      "      "     *'     '' 

Eastern  Pyrenees 206     '*  "       "      '<     "     " 

East  Indies 400     *'  •'      "       "     "     " 

South  of  France 1200     "  ''      ''      "     *'     *' 

The  first  and  last  of  these  quantities  Mr.  Burnell  (and  probably  the 
reader  will  agree  with  him)  considers  excessive.  He  also  states  that  the 
successful  cultivation  of  rice  is  estimated  to  require  1440  cubic  feet  a  day; 
but  as  rice  is  an  essentially  aquatic  plant,  requiring  to  be  constantly  im- 
mersed in  water  during  its  growth,  while  it  cannot  be  cultivated  with 
success  north  of  the  46th  parallel,  its  irrigation  need  not  now  be  taken 
into  consideration. 

In  that  part  of  the  Sahara  which  is  contiguous  to  the  French  posses- 
sions in  North  Africa,  much  has  been  done  in  the  way  of  irrigation, 
during  the  last  few  years,  by  means  of  artesian  wells.  Throughout 
the  low-lying  portions  of  the  Algerian  Sahara,  there  appears  to  be 
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an  abaDCJanoe  of  sabterraneon  waters,  which  only  require  an  outlet 
to  the  surface  to  cause  the  wilderness  to  blossom  as  the  rose.  The 
first  French  well  was  bored  in  1856,  which  yielded  about  82  inches; 
and  by  the  1st  October,  1885,  there  were  in  the  Oned  Rir,  a 
valley  about  obe  hundred  and  twenty  miles  long,  one  hundred  and 
fourteen  artesian  wells,  and  four  hundred  and  ninety-two  natural 
springs,  yielding  about  5,100  inches.  Nor  has  this  large  flow  affected 
the  yield  of  the  older  wells.  The  '<  Soci^t^  de  Batna  et  du  Sud  Alge> 
rien,"  formed  in  1881,  in  the  first  five  years  of  its  existence,  sank  seven 
wells  yielding  527  inches,  reclaimed  one  thousand  acres  of  desert, 
planted  more  than  fifty  thousand  date  palms,  constructed  twenty-five 
miles  of  irrigation  ditches,  and  built  houses  for  the  cultivators  and 
company's  agents,  and  have  already  derived  a  revenue  in  round 
numbers  of  $100,000.  (Chambers'  Journal.) 

8T8TBMS    OF  IBRIOATION. 

In  Lombardy  the  bedwork  system  of  irrigation  is  generally  adopted, 
in  which  the  land  to  be  irrigated  is  thrown  up  into  ridges,  the  more 
compact  the  soil  the  wider  the  ridge.  On  the  summit  of  the  ridge  is  the 
shallow  feeder  or  floating  trough,  from  which  the  water  is  shed  over 
the  gently  sloping  sides  of  the  ridge.  The  usual  dimensions  of  the 
floating  troughs  are  about  20  inches  wide  at  their  junctions  with  the 
conductors,  decreasing  in  width  to  about  12  inches  at  their  lower  ends, 
while  they  are  generally  about  70  yards  long.  The  main  conductor, 
from  which  the  floating  troughs  are  supplied,  is  usually  but  not  neces- 
sarily at  right  angles  to  them,  and  the  water  is  commonly  turned  off 
by  closing  the  upper  end  of  the  floating  trough  with  a  sod.  Between 
the  ridges  are  small  drains  in  which  the  superfluous  water  is  collected 
and  conveyed  to  a  main  drain,  from  which  it  is  either  again  used  to 
irrigate  lower  lying  lands,  or  returned  to  the  stream  from  which  it  was 
originally  taken. 

Figure  3  shews  how  with  favourable  natural  contours  a  comparatively 
small  amount  of  water  can  be  of  very  considerable  service. 

In  the  Figure  AA  is  the  main  conductor,  BB  the  main  drain, 
a  a  are  the  floating  troughs,  b  b  the  drains,  c  c  are  either  conductors  or 
drains  according  to  circumstances,  D,  £,  F,  O,  H  &  L,  being  hatches  or 
sluices  for  the  direction  of  the  water.  It  is  obvious  that  by  opening  or 
closing  the  hatches  as  circumstances  dictate,  the  whole  or  any  portion 
of  the  water  can  be  directed  to  any  particular  section,  and  the  sifper* 
fluous  water  from  one  division  used  upon  a  lower  one.    In  mountainous- 
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districts  the  main  oonduotors  have  frequently  a  fall  of  1  in  500 ;  in 
the  plains  the  fall  usually  is  from  1  in  1500  to  1  in  3500. 

In  the  oatohwater  system,  extensively  used  in  the  water  meadows 
of  England,  though  generally  considered  inferior  to  the  hed  work,  the 
water  is  conveyed  along  the  side  of  a  slope  in  a  nearly  level  ditch 
without  an  outlet.  As  soon  as  the  ditch  is  full,  its  contents  h^in  to 
flow  over  the  lower  hank ;  at  distances  of  ahout  30  feet,  other  leyel 
ditches  on  contour  lines  without  outlets  are  formed,  which  collect  and 
redistribute  the  water  over  the  next  lower  area,  when  it  is  again 
caught  and  redistributed,  until  it  finally  reaches  the  lowest  ditch,  which 
is  a  drain. 

A  third  method,  that  of  sub-irrigation,  has  been  employed  both  in 
England  and  in  the  United  States,  generally  for  the  purpose  of  util- 
izing and  disposing  without  offence  of  liquid  sewage.  It  has  been 
received  with  favour  by  some  persons,  and  has  been  adopted  on  free 
soils  with  apparent  success,  but  as  the  liquid  is  distributed  through 
the  subsoil  by  underground  pipes  which  are  out  of  sight,  the  pro- 
cess is  liable  to  objections  which  sanitarians  cannot  fail  to  recognize  and 
appreciate. 

The  foremost  of  these  objections  is  the  fact  that  the  distributing 
pipes  must  sooner  or  later  become  choked  with  the  minute  solid 
matters  held  by  the  liquid  refuse  in  suspension,  and  when  this  is  the 
case  an  "  excrement  sodden  **  condition  of  soil  is  produced.  A  stop- 
page can  only  be  detected  by  positive  signs  of  wetness  on  the  surface, 
and  not  until  the  evils  produced  by  exhalations  from  excrementitious 
matter  may  have  gained  an  ascendency.  Mr.  Bogers  Field  has  done 
much  to  overcome  these  objections.  The  drains  by  which  he  effects 
the  distribution  of  the  liquid  consist  of  common  agricultural  drain  pipes, 
laid  some  10  or  12  inches  below  the  surface  upon  a  continuous  bed 
of  larger  half  pipes.  This  bed  is  not  disturbed  when  the  pipes  are  taken 
up  to  be  cleaned,  which  ensures  their  being  readily  re-laid  in  true  posi- 
tion. The  sewage  flows  out  of  the  joints  into  the  soil  and  feeds  the  vege- 
tation, and  the  concentrations  of  the  flow,  effected  by  the  sudden  dis- 
charge of  a  regulator  or  flush  tank,  with  which  the  pipes  are  con- 
nected, forces  the  liquid  rapidly  along  them. 

In  deference,  however,  to  the  wide  experience  of  Mr.  Bogers  Field, 
and  to  the  practical  results  obtained  by  Mr.  Waring  of  Newport^ 
U.  S.  A.,  who  has  adopted  this  means  of  sewage  utilization  in  various 
instances  in  America,  it  is  only  right  to  append  an  extract  from  one 
of  this  last-named  gentleman's  letters  on  this  subject. 

In  it  he  says:  <'I  am  eanying  out  the  principles  of  sewage  util- 
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utioo  here  to  some  exteot,  oot,  however,  id  surfaoe  irrigttioD,  but 
in  the  distribution  of  screened  sewage  by  means  of  flash  tanks  of 
larger  capaoity,  and  of  sub-irrigation  by  draining  tiles  laid  about  10 
inches  below  the  surface  of  the  ground .  Some  of  this  work  dates 
back  to  1869,  and  in  one  instance  I  have  disposed  in  this  manner  of 
the  St  ^age  of  a  village  of  about  1500  inhabitants,  and  in  another  of 
the  outflow  of  a  prison  producing  about  30,000  gallons  per  day, 

'^  In  every  instance  the  result  has  been  most  satisfactory,  and  I  have 
large  works  of  the  same  character  now  on  hand."     (Bailey- Denton.) 

The  sub-irrigation  of  drained  land  is  also  accomplished  by  closing 
the  outlets  of  the  drains,  when  the  surface  becomes  too  dry,  and  thus 
hiplding  back  the  water  in  the  soil,  a  very  oonvenient  method  in  land 
which  has  been  over-drained.  This  system  is  in  use  to  a  considerable  extent 
in  Switzerland,  and  has  been  common  in  Persia  for  a  great  length  of 
time.  A  system  of  irrigation  known  in  England  as  '^  warfiing  "  is  com- 
mon in  many  countries ;  under  this  the  land  is  flooded  with  water^ 
having  a  large  amount  of  mineral  substances  in  suspension,  the  water 
being  retained  upon  the  land  until  the  fertilizing  matter  has  been 
deposited. 

In  British  Columbia  it  has  not  been  found  practicable  in  many 
instances,  owing  mainly  to  the  high  price  of  labour,  to  properly  prepare 
the  surface  for  the  reception  of  the  water,  and  it  is  obvious  that  were 
such  preparations  made,  a  smaller  quantity  of  water  than  is  now  in 
such  cases  used  would  be  required,  as  we  more  nearly  approached  ta 
its  most  economical  distribution.  In  this  province  neither  the  bed* 
work  nor  catchwater  systems  have  been  adopted  in  their  int^rity. 
The  more  general  method  in  use  appears  to  be  derived  from  the  former. 
The  ground  is  frequently  formed  in  narrow  ridges^  and  the  water  is 
carried  in  the  hollows  between  them,  instead  of  as  in  the  bedwork 
system  proper  on  top  of  them,  and  finds  its  way  to  the  higher  por- 
tions of  the  ridge  by  capillary  attraction,  so  that  in  efleot  the  lower 
part  of  the  ridge  is  watered  by  surface  and  the  upper  part  by  sub- 
irrigation  ;  a  curious  example  of  a  combination  of  different  principles^ 
The  method,  however,  appears  a  successful  one.  Grass  crops  are  gener« 
ally  flooded  to  a  depth  of  a  few  inches  at  each  period  of  irrigation ; 
the  depth  varies,  and  depends  mainly  oa  the  amount  at  the  disposal 
of  the  agriculturist. 

In  California,  where  irrigation,  under  somewhat  similar  conditions 
of  climate  and  soil  as  those  which  obtain  in  this  provinoe,  has  proved 
most  successful,  it  is  customary  among  the  ditch  companies  to  charge 
the  farmer  for  one  cubic  foot  of  water  a  second,— 34  inches, — for 
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eaoh  one  hundred  and  sixty  aores  under  cultivation,  equivalent  to 
540  cubic  feet  per  acre  a  day,  or  a  monthly  rainfall  of  4^  inches,  of 
which  it  is  estimated  that  not  more  than  about  ^  is  actually  absorbed  , 

The  managing  director  of  a  company,  engaged  in  extensive  irri- 
gating operations,  stated  in  answer  to  enquiry  :  '^  In  the  San  Joaquin 
Valley  in  the  beginning  of  the  farming  season,  a  furrow  is  turn cT.  up 
all  round  the  track,  thus  forming  a  check,  and  the  water  is  turned 
on  until  the  land  is  so  thoroughly  saturated  that  it  will  absorb  no 
more.  This,  with  the  few  inches  of  rain  that  fall  in  the  spring,  is 
often  enough  to  mature  a  crop  of  wheat,  barley,  etc.  If  not,  then  as 
the  heads  begin  to  fill  out,  ^that  is  six  weeks  or  two  months  before 
maturity,  the  necessary  amount  of  irrigation  has  to  be  applied." 

It  is  obvious  that  such  a  method  as  this  is  only  applicable  to  very 
level  land.  It  is  also  to  be  remarked  that  there  is  no  special  irriga- 
tion season  for  grass  in  that  state,  the  climate  permitting  this  crop  to 
be  irrigated  all  the  year  round  or  nearly  so. 

Mr.  Amos  Bowman  remarks  as  follows : 

The  quantity  of  water  required  to  irrigate  an  acre  varies 
considerably,  depending  chiefly  upon  the  crop.  Vines  require  very 
little;  none  aflber  they  are  rooted.  Other  fruit  requires  irrigation » 
An  inch  of  water  running  night  and  day  will  irrigate  from  one  to- 
ten  acres  for  some  products.  For  grass  and  clover,  10  inches,  run- 
ning three  days  in  the  week  (of  24  hours  each),  would  irrigate  ten 
acres.  Perhaps  a  constant  flow  of  five  inches  to  every  ten  aores 
would  be  near  the  mark,  in  other  products  one  half  an  inch  to  the  acre. 

The  few  results  obtained  by  the  writer,  as  examples  of  the  quantity  of 
water  required  to  irrigate  an  acre,  may  be  stated  as  follows : 

For  hay,  one  inch  to  half  an  inch  per  acre,  running  night  and 
day. 

For  berries  and  newly  planted  vines,  one  half  to  one  quarter  inch  per 
acre,  running  night  and  day. 

For  trees,  one  quarter  to  one  tenth  of  an  inch  per  acre,  running  night 
and  day. 

About  eleyen  years  ago  a  Mr.  Pike  sank  an  artesian  well  in  the  San 
Joaquin  Valley,  268  feet  deep,  which  it  b  stated  cost  between  $400 
and  $500.  The  flow  from  this  well  was  estimated  at  about  18,000 
cubic  feet  a  day,  between  7  and  8  inches,  and  it  was  claimed  to  have 
successfully  irrigated  about  10  aores  of  barley,  5  aores  of  wheat,  5 
acres  of  Englidipeas,  2  acres  of  Chinese  sugar  cane,  4  acres  of  oa  t 
hay,  1^  acres  of  com,  besides  a  small  orchard  and  vegetable  garden, 
in  all  say  from  28  to  30  acres ;  or  approximately  that  one  iuoh  irri^ted 
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four  acres  of  land.  Id  Califoniia  the  extensive  tracts  of  land  which 
can  be  cultivated  with  the  aid  of  irrigation  enooarage  the  formation 
by  joint  stock  companies  of  irrigation  ditches  on  too  large  a  scale, 
and  generally  of  too  costly  a  character,  to  be  undertaken  by  individuals. 

Among  them  may  be  mentioned : 

The  Rodes  Ditch length  about  10  miles,  cost  about  $10,000 

Lower  King's  River  Ditch.    "  «'      13      "        "        "       28,000 

Last  Chance  Ditch "  "       20      "       ''        «        60,000 

Mussel  Slough  Ditch "  "       60       '•        "         "      60,000 

The  People's  Ditch «         "      45      "        ''        "     100,000 

The  Settlers  Ditch "         *'      20       "        ''        ''      30,000 

The  Lake  Side  Ditch "         "      30      "        "        *'      50,000 

The  forcing  are  some  only  of  the  larger  ditches.  Since  the  date 
at  which  these  notes  were  taken  several  very  costly  ones  have  been 
<K>nstructed,  of  which  the  author  cannot  give  any  details.  Daring  the 
past  ten  or  twelve  years  considerable  additions  to  the  water  supply  for 
agriculture  in  California  have  been  obtained  from  artesian  wells. 

IRBIGATING  DISTBIOT  OF  BRITISH  OOLUMBIA. 

The  district  in  this  province  in  which  irrigation  is  required  may  be 
roughly  described  as  the  elevated  plateau  lying  between  the  Cascades 
and  the  Bocky  Mountains.  It  is  broken  by  smaller  mountain  ranges 
and  spurs  from  the  main  chains ;  its  elevation  varying  from  about  800 
to  3000  feet  above  the  sea.  The  soil  of  the  benches  and  terraces  and 
irregular  slopes  of  some  of  the  valleys,  which  were  once  probably  the 
bed  of  a  large  lake,  is  extremely  fertile  when  cultivated,  and  has  been 
described  as  composed  of  modified  or  redistributed  drift,  modern 
alluvium,  etc.,  and  is  chiefly  the  product  of  the  disintegration  and 
rearrangement  of  the  boulder  day,  though  mixed  also  with  the  detritus 
from  local  rocks  since  the  glacial  period,  which  has  been  carried  down 
by  rivers,  when  flowing  at  a  higher  level  as  they  seem  here  to  have  flowed 
in  the  past.  (See  Eeport  Oeol.  Sur.  of  Canada.) 

It  appears  that,  at  a  greater  elevation  than  about  2000  feet,  8umm3r 
frosts  prevent  successful  cultivation  as  a  general  rule ;  though  in  some 
instances,  owing  to  favourable  local  conditions,  cultivation  has  proved 
remunerative  of  greater  elevations.  A  carious  instance  of  the  uncer- 
tainty of  obtaming  a  crop  occurs  at  Douglas  Lake,  Nicola  Valley;  the 
Lake  is  4  or  5  miles  long  at  an  elevation  rather  over  2000  feet,  the  soil 
at  its  head  and  foot  appears  identical,  and  the  conditions  seem  precisely 
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simQar,  yet  both  Whites  and  iDdians  agree  that  the  orops  at  the  head 
of  the  Lake  are  very  ancertain,  while  at  the  foot  they  rarely  fail. 

IRRIGATION  ESSENTIAL. 

It  must  be  understood  that  in  the  section  of  oountry  referred  to, 
with  a  few  notable  exceptions,  such  as  the  Spellamoheen  Valley,  oalti- 
vation  cannot  be  sacoessfuUy  carried  on  without  irrigation.  This  is 
usually  applied  three  or  four  times  in  the  season,  commencing  in  April, 
at  intervals  of  from  twenty  to  thirty  days. 

BOUROES  OF  SUPPLT. 

The  main  stream  of  the  Fraser  and  Thompson  Kivers  lie  too  far 
below  the  fertile  benches  in  their  valleys  to  render  their  boundless 
resources  available  except  by  pumping ;  this  is  unfortunate,  for  their 
waters  contain  an  enormous  amount  of  fertilizing  matter  in  suspen- 
sion. The  principal  supplies  are  derived  from  the  smaller  mountain 
streams,  which  generally  attain  their  greatest  volume  in  May,  the  month 
in  the  commencement  of  which  the  largest  quantity  is  required ;  during 
the  two  succeeding  months  they  fall  very  rapidly,  and  in  dry  summers 
there  may  be  a  scarcity  towards  the  latter  end  of  the  irrigation 
season. 

When  it  is  practicable,  to  select  from  different  sources  of  supply,  which 
is  rarely  the  case  in  British  Columbia,  the  broad  rule  would  appear, 
to  be  that  the  water  which  has  been  longest  exposed  to  the  air  is  the 
best  for  the  purpose,  and  it  is  on  this  ground  that  it  is  advisable  to 
construct  the  main  conductors  wide  and  shallow;  and  though  this 
form  leads  to  a  greater  loss  by  evaporation,  it  also  diminishes  to  an 
appreciable  extent  the  lateral  pressure  on  the  banks.  Water  from  lakes 
and  large  streams  is  generally  of  such  a  temperature  as  to  be  per- 
mitted to  run  without  cessation ;  but  when  obtained  from  cold  springs 
and  short  snow-fed  streams,  it  is  sometimes  necessary  to  shut  it  off 
during  the  night.  Authorities  on  this  subject  appear  to  consider  that 
the  best  water  for  irrigation  is  obtained  from  artesian  wells  of  consid- 
erable depth,  on  account  of  its  temperature,  and  also  on  account  of  the 
mineral  elements  usually  contained  in  it. 

The  artesiiin  wells  of  Dakota  are,  perhaps,  the  most  remarkable 
examples  of  their  kind  which  have  ever  been  opened,  both  as  regards 
the  pressure  and  the  volume  of  the  escaping  water.  More  than  one 
hundred  wells,  from  500  feet  to  1,600  feet  deep,  are  at  present  in 
successful  operation  in  the  district  north  of  Yankton,  and  they  yield  a 
constant  stream  of  water  which  is  apparently  never  affected  by  any 
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of  the  surrouDding  iaflaenoes.  The  pressure  of  the  water  is  abnormally 
high  in  many  instances,  and  up  to  180  lbs.  per  square  inch  has  been 
registered  by  the  gaa2;cs.  (Industries. )  Artesian  wells  have  not  yet 
been  sunlc  in  this  province ;  the  Provincial  Qoveroment,  however,  last 
year  commenced  an  experimental  bore  in  the  valley  of  the  South 
Thompson  River. 

Mr.  Bailey- Denton  says  : 

In  the  '*  oonelasions "  arrived  at  by  the  '^  Rivers  Pollution  Com- 
missioners/' the  average  composition  of  "  unpolluted  waters  "  is  given 
in  the  following  form  : 

Results  of  analysis  expressed  in  parts  per  100,000. 
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Without  venturing  to  express  an  opinion  upon  the  precise  meaning 
of  '^  previous  sewage  or  animal  contamination,"  the  heading  of  one  of 
the  columns,  these  figures  shew  an  exceptionally  large  amount  of  fer- 
tilizing matters  in  the  waters  from  deep  wells. 

Temporary  hardness  is  hardness  due  to  calcic  or  magnesic  carbonates, 
and  can  be  got  rid  of  by  boiling  the  water.  Permanent  hardness  is 
hardness  due  to  calcic  or  magnesic  sulphates,  and  cannot  be  got  rid  of 
by  boiling.  One  grain  of  bicarbonate  or  sulphate  of  lime  in  a  gallon 
of  water  is  expressed  as  one  degree  of  hardness  per  gallon. 

It  must  not  be  inferred  from  previous  remarks,  that  the  table  land  of 
which  we  are  speaking  is  badly  watered  for  purposes  other  than  those  of 
irrigation.     On  the  contrary,  the  whole  surface  of  the  country  is  dotted 
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with  lakes  and  traversed  hj  streams,  varying  in  size  from  the  Fraser 
Biver  to  the  tiniest  rivulet,  though  frequently,  from  their  positions  a^nd 
the  large  outlay  required  before  they  can  be  utilized,  they  are  practically 
exoluded  from  being  classed  among  the  available  sources  of  supply. 

RAINFALL. 

The  following  table  shews  the  rainfall  in  the  irrigating  and  non-irri- 
gatin<!;  districts  of  British  Columbia,  during  the  irrigation  season  of 
1877. 

lEBIGATING  DI8TBI0T. 

Place.                             April  May.  June.  July.  Total. 

Spencers  Bridge 0.38  1.41  0.75  1.25  3.79 

Cache  Creek 1.03  l.W  1.35  1.22  4.70 

Kaniloops 0.78  1.42  1.67  0.59  4.46 

Okanogan       0.22  1.75  2.15  1.42  5.54 

NON-IERIGATINa  DISTRICT. 

Place,  April.      May.      June.     fJuly.      Total. 

Spellamcheen 1.38        1.84        1.65        1.82       6.69 

Hope 1.71        1.84       2.20        1.38       7.13 

New  Westminster 1.55        1.62        2.65        1.03       6.85 

The  above  table  shews  an  average  in  the  irrigating  district  of  137, 
and  in  the  non-irrigating  district  of  205  cubic  feet  per  acre  a  day,  or 
half  as  much  again  in  the  latter  case  as  in  the  former. 

The  years  1877  and  1878  were,  however,  dry  seasons  in  the  non-irri- 
gating, though  fully  up  to  the  average  rainfall  in  the  irrigating  district. 
The  mean  rainfall  in  New  Westminster  for  14  years  was  for  the  above 
months,  3, 18,  2.41,  2.42,  and  1.67  respectively,  equivalent  to  288  cubic 
feet  per  acre  a  day.  The  rainfall  in  May,  1878,  at  Kamloops  was  1.85 
inches,  equivalent  to  216  cubic  feet  per  acre  a  day,  and  it  appeared 
to  be  the  general  opinion  that  with  a  similar  rainfall  during  the  season 
irrigation  might,  at  all  events  to  a  very  great  extent,  be  dispensed  with. 

It  must  be  remembered,  however,  that  as  art  cannot  compete  with 
nature  in  the  equable  distribution  of  water,  a  larger  quantity  is  required 
for  artificial  irrigation  than  would  constitute  an  abundant  rainfall.  And 
it  may  further  be  observed  that  the  rainfall  which  would  constitute  an 
ample  supply  for  the  generally  retentive  soils  of  the  lower,  would  possi- 
bly prove  inadequate  for  some  of  the  soils  of  the  upper  country. 

Further,  in  the  irrigating  district,  a  heavy  precipitation  is  often  the 
«sult  of  sudden  and  violent  storms,  the  effect  of  which  is  sometimes 
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more  injurioos  than  beneficial.  An  instanoe  of  this  oceurred  oq  the 
20th  July,  1878,  when  a  sudden  storm  burst  on  the  Bonaparte  Valley, 
with  the  result  that  seyeral  acres  of  oultiyated  land  were  covered  with 
wash  grayel,  the  crops  destroyed,  and  that  portion  of  the  farm  rendered 
worthless.  It  is  obvious  that  such  a  storm  would  largely  increase  the 
r^stered  rainfall,  though  its  effects  were  simply  disastrous.  In  the 
farming  lands  of  the  non-irrigating  district,  storms  of  this  description 
are  almost  unknown,  the  rain  falling  more  frequently  and  less  violently, 
and  with  a  corresponding  increase  of  beneficial  effect. 

LOSSES  OF  WATEB. 

There  are  three  principal  heads  under  which  the  losses  of  water  after 
leaving  the  reservoir  or  stream  may  be  classified,  namely  : — 

Loss  by  evaporation, 

Loss  by  leakage  in  transit,  and 

Loss  in  distribution. 

As  regards  the  first  there  are  no  data  derived  from  experiments  in 
this  province  from  which  to  deduce  any  conclusions.  In  California 
loss  by  evaporation  dees  not  appear  to  be  taken  into  consideration. 

On  this  point  the  following  are  the  opinions  of  some  eminent  English 
engineers : — 

Mr.  Bateman  places  the  loss  by  evaporation  at  from  9  to  16  inches, 
with  an  average  of  12  inches. 

Mr.  Hemans  allows  from  12  to  14  inches. 

Mr.  Duncan  estimates  11  or  12  inches  as  the  constant  loss  at  Liver- 
pool, and  found  the  loss  varied  little,  even  with  considerable  differenoe 
of  rainfaU. 

Mr.  Hawksley  says  :  '^  Evaporation  is  more  nearly  15  inches  than 
any  other  quantity." 

Careful  experiments^  extending  over  a  period  of  25  years,  made  in 
Hertfordshire,  England,  shewed  that  with  a  mean  annual  rainfall  of 
26.609  inches,  the  mean  percolation  was  8.227  inches,  and  the  mean 
loss  by  evaporation  18.382  inches. 

Mr.  Dempsey  quotes  the  following  results  of  experiments  made  in 
Yorkshire  during  five  consecutive  years :  mean  annual  rainfall  24.6, 
mean  annual  percolation  4.82,  which  gives  double  the  loss  by  evapora- 
tion recorded  in  Hertfordshire. 

Dr.  Dal  ton  gives  the  following  results  :  mean  annual  rainfall  33.56 
inches,  mean  evaporation  25.158,  and  mean  percolation  8.402. 

By  another  set   of  observations,  quoted  by  Dempsey  and  also  by 
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Haskoll  we  have :  mean  annual  rainfall  26.614,  mean  percolation  11.294, 
mean  evaporation  15.32  inches. 

To  tabulate  them  we  have 

Rainfall.    Evaporation.     Percolation. 

Ist 26.609  18.382  8.227 

2nd 24.6  19.78  4.82 

3rd 33.56  25.158  8.402 

4th 26.614  15.32  11.294 

The  mean  of  theae  varioas  independent  observations  would  give  rain- 
fall 27.846  inches,  evaporation  19.66,  percolation  8.186,  or  in  round 
numbers  the  loss  by  evaporation  would  be  about  seven-tenths,  leaving 
about  three-tenths  of  the  whole  rainfall  for  percolation. 

These  results,  however,  are  for  the  entire  year ;  during  the  summer 
months  the  evaporation  is  probably  much  greater. 

The  amount  lost  in  transit  by  leakage  and  evaporation  has,  in  some 
cases,  been  estimated  at  50  per  cent,  of  the  amount  entering  at  the  head 
of  the  ditch.  It  is  obvious  that  the  quantity  lost  through  these  causes 
depends  upon  the  construction,  the  length  and  exposure  of  the  ditch. 
The  loss  by  filtration  may  ofben  be  reduced  by  the  construction  of  tim- 
ber flumes  when  the  soil  is  porous,  and  by  throwing  into  the  ditch  at 
intervals  small  quantities  of  soil,  which  being  first  carried  along  in  sus- 
pension, and  then  gradually  deposited,  assist  the  consolidation  of  the 
bottom  and  banks. 

The  main  conductors  are  often  necessarily  carried  along  steep  side 
hills,  and  around  bluffs  and  across  ravines  in  timber  flumes.  These 
ditches  and  flumes  have  generally  been  set  out  and  constructed  by 
their  owners,  and  as  a  rule  most  successfully,  though  in  some  instances 
too  great  a  gradient  having  been  adopted,  overfalls  haye  been  found 
necesFary  at  mtervals  to  reduce  the  velocity  which  threatened  serious 
damage.  In  one  or  two  instances  when  the  water  refused  to  disobey 
the  laws  of  grayity  and  flow  up  hill,  heavy  losses  have  been  the  result 
to  the  unfortunate  projectors. 

The  loss  in  distribution  may  be  reduced  to  a  minimum  by  the  proper 
preparation  of  the  surface  for  the  reception,  and  by  making  adequate 
provision  for  the  distribution  of  the  water.  No  hard  and  fast  rules  can 
be  laid  down  by  which  to  estimate  these  losses,  each  case  must  be 
treated  on  its  individual  merits. 

QUANTITY  OF  WATER. 

It  has  been  customary  in  this  province  to  record  and  claim  one  inch 
of  water  per  acre,  or  2536  cubic  feet  per  acre  a  day.    As  to  the  amount 
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necessary,  one  cabio  foot  a  second,  or  34  inches,  will  coyer  four  acres 
to  a  depth  of  over  six  inches  in  a  daj,  which  certainly  appears  to  be  a 
not  unreasonably  low  estimate  of  the  quantity  required  at  each  period 
of  irrigation. 

On  this  assumption,  and  that  the  land  requires  irrigating  once  in  25 
days,  34  inches  will  irrigate  one  hundred  acres  of  land,  and  34  inches 
on  100  acres  is  equivalent  to  864  cubic  feet  per  acre  a  day.  Judging 
from  the  quantities  given  by  Mr.  Burnell  as  required  in  Europe  this 
amount  should  prove  ample. 

It  is  generally  considered  by  engineers  that  from  one-half  to  two- 
thirds  of  the  whole  q  uanti ty  delivered  is  lost  or  wasted.  Now  the  amount 
delivered  at  each  period  of  irrigation  on  one  four  acre  tract  is  86,400 
cubic  feet^  or  21,600  cubic  feet  par  acre  a  day  ;  deducting  three-fourths 
of  that  amount  for  all  losses,  we  have  5,400  cubic  feet  per  acre  at  each 
period  of  irrigation,  or  a  daily  average  throughout  the  irrigation  season 
of  216  cubic  feet  per  acre  per  day  actually  utilized,  equivalent  in  round 
numbers  to  a  monthly  absorption  of  1.8  inches  of  rain.  As,  however,  it 
is  doubtfiil  if  more  than  one-third  of  any  rainfall  is  actually  absorbed, 
this  amount  may  fairly  be  taken  as  equivalent  to  from  5  to  6  inches  of 
rainfiill.  With  such  a  rainfall  it  is  certain  that  irrigation  would  be 
unnecessary.  If  the  superfluous  water  be  utilized  on  lower  lying  tands^ 
the  result  will  be  found  to  be  an  approximation  to  the  Califomian 
-standard  of  one  cubic  foot  a  second  for  each  one  hundred  and  sixty 
acres  under  cultivation. 

In  the  author's  opinion  34  inches  delivered  upon  the  land  will  be 
found  ample  to  irrigate  from  100  to  150  acres  of  cereals  or  roots  accord- 
ing to  position  and  soil. 

It  is  generally  considered  that  grass  requires  a  larger  supply  of  water 
than  grain,  and  in  estimating  that  quantity  we  are  again  confronted  by 
a  total  want  of  data  in  this  province ;  but  since  it  is  known  that  rice 
needs  1440  cubic  feet  per  acre  a  day,  it  would  appear  reasonable  to 
assume  an  approximate  mean,  say  45  inches  delivered  on  the  ground, 
for  each  hundred  acres  of  grass  under  cultivation. 

In  assuming  these  quantities  it  is  thought  that  an  ample  margin  has 
been  left  for  all  losses  in  distribution,  and  the  author,  though  anxious 
not  to  under-estimate  the  quantity  required,  feels  considerable  doubt  as 
to  whether,  with  proper  construction  and  handling,  two-thirds  of  the 
amount  would  not  prove  sufficient. 

To  zive  an  example  of  the  enormous  quantities  supposed  by  some  to 
be  required  :  on  a  certain  farm  it  was  found  that  the  main  conductor 
'olose  to  the  land  to  be  irrigated  had  a  velocity  of  2.35  feet  a  second. 
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with  an  area  of  1.25  square  feet,  3qual  to  a  daily  dischai^  of  253,800 
cubic  feet  or  100  inches.  It  was  stated  that  the  season  lasted  ninety 
days,  that  the  irrigated  area  comprised  about  50  acres  of  grass  and  30 
acres  of  grain,  that  during  sixty  days  the  grass  received  the  water  and 
during  thirty  days  the  grain.  We  have  then  the  astounding  result,  that 
througl\out  the  season  the  grass  receiyed  an  average  of  3,384,  and  the 
grain  2,820  cubic  feet  per  acre  a  day,  equivalent  to  oyer  26  inches  of 
rainfall  a  month,  or  enough  in  ninety  days  to  conyert  the  whole  area 
into  a  lake  over  6^  feet  deep.  Probably  not  more  than  one-tenth  was 
of  actual  service,  and  when  compared  with  other  results,  it  will  appear 
that  in  this  case  at  least  the  supply  exceeded  the  l^itimate  demand. 

DRAINAOS. 

In  this  province  but  little  has  been  done,  and  in  most  cases,  from  the 
natural  contour  of  the  land  and  the  character  of  the  sub-soil,  but  little 
requires  to  be  done  for  the  purpose  of  removing  the  surplus  irrigation 
water.  When,  however,  it  does  not  naturally  and  rapidly  flow  off,  its 
drainage  is  as  essential  as  its  original  introduction. 

PALL  OF  MAIN   CONDUCTORS. 

It  is  apparent  that  the  xmain  conductors  are  frequently  constructed 
with  too  heavy  grades,  and  it  is  suggested  that  the  velocity  should  not 
be  greater  than  from  1  to  2  feet  a  second  through  earth,  and  3  to  4  or 
5  feet  in  timber  flumes. 

With  r^rd  to  flow  in  open  channels^  Colonel  Waring  calls  attention 
to  a  result  he  has  observed  in  the  flow  of  sewers  in  the  following  words  : 

'^  One  principle  is  very  apt  to  be  disregarded  in  regulating  the  size  of 
sewers ;  that  is,  that  after  water  has  once  fairly  entered  a  smooth  conduit, 
haying  a  fall  or  inclination  towards  its  outlet,  the  rapidity  of  the  flow  is 
-constantly  accelerated  up  to  a  certain  point,  and  the  faster  the  stream 
runs  the  smaller  it  becomes ;  consequently,  although  the  sewer  may  be 
quite  full  at  its  upper  end,  the  increasing  velocity  soon  reduces  the  size 
of  the  stream,  and  gives  room  for  more  water.  It  is  found  possible,  in 
practice,  to  make  constant  additions  to  the  volume  of  water  flowing 
through  a  sewer  by  means  of  inlets  entering  at  short  intervals,  and  the 
Aggregate  area  of  the  inlets  is  thus  increased  to  very  many  times  the 
area  of  the  sewer  itself." 

The  author  has  on  two  or  throe  occasions  observed  results  confirm- 
.atory  to  a  certain  extent  of  this  statement,  and  would  be  glad  to  learn 
whether  the  point  has  attracted  the  attention  of  others,  and  how  far  it 
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is  available  in  practice.  Except  by  Colonel  Waring,  he  has  never  seen 
the  matter  referred  to  in  any  works  of  reference  to  which  he  has  access, 
and  though  probably  of  not  much  practical  importance  in  the  construc- 
tion of  such  channels  as  drainage  and  irrigation  ditches,  he  would  submit 
that  it  may  prove  a  serious  point  for  consideration  in  designing  such 
costly  subterranean  works  as  sewers. 

From  the  drawings  accompanying  this  paper  Plate  VII  has  been 
prepared. 


CORRESPONDENCE. 

Mr.  M.  J.  Butler  said  that  he  believed  the  subject  of  irrigation  to  be  Mr.  Butter, 
one  of  the  most  important  in  this  country,  applicable  not  only  to  the 
regions  of  slight  rainfall,  but  largely  to  the  whole  of  Ontario  and 
parts  of  Quebec.     With  irrigation  and  proper  drainage,  for  the  two 
should  go  together,  a  certain  crop  is  insured  year  after  year. 

In  Italy,  where  the  rainfall  is  quite  equal  to  our  own,  viz.,  about 
39  inches,  enormous  sums  of  money  have  been  spent  in  irrigation 
works. 

^^  In  France,  Italy  and  most  of  India  the  rainfall  is  ample  for  ordi- 
nary crops,  irrigation  is  adopted  to  prevent  the  failure  of  crops  by 
droughts.  These  reasons  apply  equally  as  well  to  all  other  countries ; 
the  general  impression  that  irrigation  is  only  necessary  and  useful  in 
dry  countries  is  entirely  incorrect."  See  valuable  paper  in  Vol.  XVI 
Transactions  Am.  Soc.  C.  B.,  by  E.  B.  Dorsey. 

It  is  to  be  regretted  that  the  so-called  Miners'  inch  as  a  measure  of 
volume  has  been  permitted  in  British  Columbia.  This  measure  has 
been  aptly  defined  as  a  '^  nondescript  inch  which  can  scarcely  be 
credited  with  a  remote  approximation  to  correct  measurement,"  and  it 
seems  to  vary  in  volume  with  the  state  or  place  where  it  b  used.  In 
Idaho  it  is  "  partly  by  custom,  partly  by  statute,  the  quantity  of  water 
which  will  flow  through  an  inch  square  orifice  in  an  inch  board,  with 
a  head  or  pressure  of  four  inches  above  the  centre  of  the  orifice,  but  is 
in  reality  the  quantity  of  water  which  will  flow  through  an  inch  square 
orifice  in  an  inch  board,  with  a  head  or  pressure  depending  upon  the 
care  used  in  adjusting  the  gate  which  admits  the  water  to  the  orifice." 
In  Colorado  on  one  occasion  he  saw  a  description  which  read  ''  The 
lessee  is  entitled  to  six  inches  of  water,"  and  he  endeavored  to  find 
out  how  many  cubic  feet  it  was  intended  to  cover,  but  could  not  do 
so  until  he  hunted  up  the  engineer  who  had  prepared  the  lease. 

The  description  of  what  constitutes  an  inch  in  British  Columbia,  or 
a  multiple  of  one,  does  not  specify  the  thickness  of  the  plate,  nor  how 
made.  When  it  is  considered  that  the  co-efficient  for  construction 
depends  upon  the  kind  and  size  of  the  orifice,  it  will  be  seen 
that  a  not  very  accurate  measurement  will  be  the  result.  An  admir- 
able, cheap  and  simple  device  has  been  designed  by  Mr.  A.  D.  Foote, 
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M.  Am.  Soo.  C.  E.,  and  is  described  in  Vol.  XVI,  Paper  No.  355^ 
Transactions  Am.  Soc.  C.  E. 

The  subject  of  loss  of  water  in  conduits  by  evaporation  is  an  impor- 
tant one,  on  which  but  little  data  are  available  in  this  country,  and  the 
writer  knows  of  no  authority  so  good  as  that  of  Mr.  Desmond  Fitz- 
gerald, who  has  carried  out  an  extensive  series  of  experiments  at  Bos- 
ton and  which  are  described  in  Transactions  Am.  Soc.  C.  E.,  Vol.  XL 


Thursday,  24tli  April. 
E.  P.  HANNAFOKD,  Vice-President,  in  the  Chair. 
PSesperJfo.  42. 

THE  SAULT  STE.  MARIE  BRIDGE. 


By  G.  H.  Massy,  M.  Can.  Soc.  C.E. 

The  oompletion  of  "  The  Sault  Ste.  Marie  Bridge  "  odds  one  more  to^ 
the  number  of  great  International  bridges  joining  Canada  with  the 
United  States,  and  forms  the  oonneetmg  link   between  the  Canadian 
Paoific  Railway  and  the  network  ofroads  traversing  the  Western  States. 

In  the  autumn  of  1885  it  was  decided,  by  the  Sault  Ste.  Marie 
Bridge  Co.,  to  build  a  bridge  across  the  Ste.  Marie  River  at 
''  The  Soo,"  and  a  party  was  organised  to  make  the  preliminary 
surveys,  from  the  results  of  which  it  was  decided  to  construct  the 
bridge  at  the  upper  end  of  the  Ste.  Marie's  Rapids,  where  the  smooth 
water  of  the  Lake  commences  to  break  away  over  the  rocky  bed  of 
the  river.  The  bottom  is  formed  of  smooth,  level  sandstone  of  the 
Potsdam  formation,  perfectly  bare  of  gravel  or  debris,  with  the  ezcep-^ 
tion  of  Pier  No.  1,  where  a  considerable  deposit  was  formed.  In  the 
winter  of  1886-7  the  contract  for  the  construction  was  awarded  to 
R.  G.  Reid,  who  the  year  before  completed  the  St.  Lawrence  Bridge. 
Early  in  May  the  contractor  and  the  engineering  party  arrived  at ''  The 
Soo/'  and  the  work  of  triangulation  commenced,  and  here  it  may  not 
be  out  of  place  to  go  a  little  into  the  general  detail  of  accurately  deter- 
mining the  position  of  the  piers. 

The  first  operation  was  the  measurement  of  a  base  line  and  the  calcu- 
lations of  angles.  The  most  soientifio  and  practical  method  of  setting 
out  piers  is  by  means  of  angles  from  a  measured  base,  direct  meas- 
urement by  a  long  wire  has  been  advocated  by  some  engineers,  but  the 
ezperienee  of  the  author  on  this  method  has  not  been  satisfactory.  It 
may  appear  a  very  simple  matter  to  measure  700  or  800  feet  on  a  wire, 
and  then  transfer  this  distance  between  two  points  •  supported  onlj 
at  the  ends,  but  the  result  of  such  is  often  unreliable,  as  was  expe- 
rienced by  the  engineers  at  the  Forth  Bridge*  For  distances  of  400  or 
500  feet,  with  great  care,  accurate  results  can  be  obtamed,a8  the  sequel 
will  show. 
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In  setting  out  by  angles,  the  instruments  used  will  first  be  disoossed ; 
these  are  three  in  number, — a  transit,  steel  tape  and  picket.  The  transit 
should  not  be  less  than  8"  diameter,  reading  to  10  seconds.  The  one 
used  at  the  St  Lawrence  Bridge  and  **  The  Soo  "  was  of  this  description, 
made  by  Hammersly  of  London,  bein  ^  furnished  with  a  very  powerful 
glass  and  long  sensitive  level  underneath  the  telescope.  There  was  no 
vertical  arc,  but  simplyjthe  ordinary  clamp  screw ;  on  this  instrument  five 
seconds  could  be  estimated.  For  distances  over  3,000  feet  the  author 
would  recommend  a  12  inch  instrument,  such  as  that  used  at  the 
Forth  Bridge,  or  better  a  16  inch  reading  to  five  seconds.  The  author 
also  thinks  it  would  be  an  advantage  to  have  the  upper  plate  moved  by 
a  wheel  attached  to  it,  working  into  teeth  set  near  the  outer  rim  of  the 
lower  plate,  thus  ensuring  a  relative  motion  between  the  plates,  and  avoid- 
ing the  danger  of  moving  the  lower  plate  when  the  upper  plate  is  moved 
round,  as  this  is  one  of  the  most  serious  causes  of  error  in  taking  angles. 
The  glass  should  be  such  as  to  show  an  ordinary  picket  clearly  at  a  dis- 
tance of  one  mile,  so  that  the  hairs  can  be  set  on  an  object  to  one  inch 
at  that  distance.  Accuracy  of  graduation  is  also  one  of  the  essentials. 
The  transit  above  mentioned  weighed  about  40  lbs.,  and  when  not  used 
on  a  fixed  pedestal,  was  attached  to  a  heavy  wrought  iron  tripod  weigh- 
ing 80  lbs. 

The  next  instrument  is  the  steel  tape.  At  the  suggestion  of  the 
author  the  company  ordered  from  Chesterman,  England,  a  tape  of 
heavy  steel  500  feet  long,  and  the  result  shows  the  accuracy  of  the  work 
done  with  it. 

Thirdly,  we  come  to  the  picket,  or  centre  used.  These  were  designed 
by  the  author  for  the  "  Soo  Bridge."  They  were  made  of  2  inch  gas 
pipe,  about  seven  feet  long ;  the  lower  end  being  screwed  into  a  socket 
formed  like  a  fork,  the  two  prongs  of  which  rested  on  the  hub,  the 
centre  of  the  pipe  being  placed  accurately  over  the  nail  by  means,  of  a 
plumb  bob  and  line,  the  line  being  fastened  to  the  centre  of  the  upper 
end  and  the  plumb  bob  swinging  in  the  fork  below,  thus  ensuring  the 
centre  to  be  both  exactly  vertical  and  on  the  nail.  The  picket  was  then 
secured  by  four  wires  fastened  to  the  upper  end  and  to  stakes  driven 
into  the  ground ;  these  wires  could  be  adjusted  for  length  by  swivel 
screws,  such  as  are  used  to  tighten  the  ordinary  buck-saw  frame.  The 
pickets  were  painted  white,  and  a  black  board  placed  at  a  little  distance 
behind  to  make  them  more  distinct. 

Now,  in  selecting  a  base,  it  is  preferable  to  have  one  on  either  side  of 
the  river ;  one  half  of  the  piers  being  laid  out  from  one  and  their  posi- 
tions checked  from  the  other ;  a  most  satisfactory  check  on  the  work 
l>eing  to  calculate  one  base  from  the  other. 
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Of  course  the  more  level  the  groand  is  the  better,  and  if  at  all  pos- 
sible  each  end  of  the  base  should  be  visible  from  the  other,  but  it  ofteu 
happens  that  level  ground  cannot  be  had.  The  base  for  the  St.  Law- 
rence Bridge  was  measured  with  an  ordinary  100  foot  steel  tape,  laid 
on  stripe  of  board  supported  by  hubs  driven  in  about  ten  feet  apart,  and 
the  ends  cut  off  to  a  level.  Where  the  ground  fell  away  a  lower  set 
of  levels  were  taken,  and  the  distance  plumbed  down  at  each  break. 
This  was  done  with  great  accuracy,  considerable  time  being  spent  at 
it.  By  careful  measurement  the  error  should  not  exceed  T*Dvi,ooff-  This 
base  was  measured  before  the  author  took  charge  of  the  St.  Lawrence 
Bridge.  The  plan  adopted  at  '*  The  Soo  "  waste  drive  in  stakes  1"  x  2" 
ten  feet  apart,  exactly  in  a  straight  line  along  the  base  from  a  point  25 
feet  above  the  centre  line  of  the  bridge  to  the  point  at  which  the 
transit  was  to  be  placed.  A  line  was  taken  along  the  stakes,  regard- 
less of  levels,  from  one  point  to  the  other,  and  large  nails  driven  into 
the  stakes  to  support  the  tape.  At  every  500  feet  a  firm  staging  was 
built,  on  which  the  exact  500  feet  was  marked,  and  the  tape  moved  on 
to  its  next  position,  and  so  on  till  the  base  was  measured.  This  was 
repeated  three  or  four  times,  the  tape  being  always  stretched  by  a 
spring  balance  under  a  tension  of  50  lbs.  The  500  foot  tape  while 
under  this  tension  was  checked  with  a  100  foot  standard  tape,  the 
latter  having  been  previously  compared  with  the  standards  used  by 
the  company  who  were  to  build  the  superstructure  of  the  bridge.  The 
temperature  was  also  carefully  noted,  and  the  length  of^the  base 
reduced  to  a  normal  temperature  of  60^  Fahr.  and  also  corrected  for 
slope.  At  the  St.  Lawrence  Bridge  a  good  base  was  obtained  on  both 
sides  of  the  river,  and^ke  accuracy  of  the  triangulation  and  measure- 
ments checked  by  cali^pting  one  base  from  the  other,  but  at  '^  The 
Soo ''  the  two  bases  had  to  be  measured  on  the  south  side.  When  the 
biise  was  fixed,  a  solid  oak  post  was  placed  at  one  end  and  a  hub  let 
into  the  rock  at  the  other.  The  large  transit  was  set  on  this  post,  and 
all  the  angles  to  the  several  piers  laid  off  from  it.  An  ordinary  tran- 
sit was  set  over  the  other,  this  point  being,  as  was  stated,  25  feet  above 
the  centre  line  of  the  bridge,  and  a  corresponding  centre  set  up  on  the 
opposite  side  of  the  river,  also  25  ft.  above  the  centre  line  of  the  bridge 
on  which  the  cross  hairs  of  the  transit  were  set.  All  the  piers  were 
laid  off  from  this  upper  line.  The  object  of  keeping  this  line  25  ft.  above 
the  bridge  was  to  clear  all  derricks,  scows,  etc.,  at  the  same  time 
admitting  of  a  point  being  fixed  on  the  upper  end  of  the  caissons. 

The  distance  across  the  river  at  '^  The  Soo"  was  about  3^000  feet. 
This  being  calculated  from  two  entirely  independent  sets  of  data,  the: 
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results  oheoked  to  the  tenth  of  an  inch,  the  whole  of  the  work,  includ. 
ingmeasarement  of  basis,  taking  of  angles  and  calculations,  did  not  occupy 
one  week.     This  calculated  distance  agreed  with  the  taped  distance, 
afler  the  construction  of  the  bridge,  to  1^  inches.     The  author  maj 
add  that  the  calculated  distance  and  the  measured  distance  on  the  St 
Lawrence  Bridge  agreed  to  2^''  on  a  distance  of  3,700  feet.     The  base 
used  for   setting  out  the  piers  at  '^  The  Soo  '*  was  about  1,900  feet 
j  ong.     A  small  shanty  was  built  at  either  end  to  protect  the  instru- 
ments, and  on  the  roof  of  these,  exactly  over  the  centres,  two  pickets 
were  set,  of  the  kind  previously  described.     These  were  checked  from 
time  to  time   by  means  of  the  plumb  bob.     The  instrumental  work 
required  much  care  and  patience.     All  the  angles  had  to  be  repeated 
several  times  to  eliminate  all  eccentricity  in  the  centering  of  the  transit. 
It  was  found  that  the  lower  plate  of  the  transit  was  liable  to  slip  while 
moving  the  upper  plate;  thus  after  taking  the  three  angles  of  a  triangle, 
the  sum  was  usually  less  than  180^  by  some  seconds.    To  avoid  this 
«rror  the  following  method  was  adopted :    Zero  of  the  transit  was  first 
set  on  the  far  end  of  the  base,  and  the  upper  plate  moved  till  the  hairs 
intersected  the  picket  on  the  far  side  of  the  river.    The  angle  was  then 
noted,  and  the  upper  plate  moved  round  in  the  same  direction  till  the 
hairs  intersected  the  first  picket.     Now,  if  the  vernier  did  not  read 
zero,  it  was  evident  the  lower  plate  had  shifted,  and  the  operation  had 
to  be  repeated.  When  this  angle  was  satisfactorily  recorded,  the  vernier 
was  set  at  10^,  the  hairs  set  on  the  first  picket  and  the  upper  plate  moved 
round  to  the  second  picket,  the  angle  read,  then  moved  round  to  10^ 
iind  checked  to  see  if  the  hairs  were  on  the  first  picket,  and  so  on,  in- 
creasing by  10^  each  time,  when  the  average  w^  taken.  By  this  means 
great  accuracy  was  attained,  any  small  discrd^ncy  of  a  second  or  two 
heing  distributed  between  the  three  angles  in  proportion  to  their  size. 
In  setting  out  the  piers  the  same  precautions  were  taken.     In  reading 
the  verniers,  a  sheet  of  white  paper  was  placed  close  to  the  plate,  and 
the  reading  taken  through  a  small  hole  cut  in  the  paper.     This  paper 
threw  a  shade  on  the  vernier,  and  the  graduations  could  be  seen  with 
great  distinctness.    Close  beside  each  of  the  shanties,   a  signal  was 
erected,  which  could  be  worked  by  the  man  at  the  transit,  without 
taking  his  eye  from  the  instruments.  As  the  caisson  approached  its  pro- 
per position,  a  man  on  board  held  up  a  picket,  which  was  immediately 
signalled  into  its  exact  position  by  the  transitman,  and  by  this  means 
the  men  who  guided  the  caisson  were  enabled  to  see  which  way  it  had 
to  go  without  any  confusion  or  mistake.    When  the  caisson  was  placed 
by  the  transits,  its  position  was  verified  with  a  steel  wire  of  given. 
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leogih,  nsually  the  length  of  a  span.  This  wire  was  about  ^''  diameter 
the  exact  length  marked  on  it  by  a  loop  soldered  on  at  each  end  ;  one 
loop  of  the  wire  was  brought  ezaoUy  over  the  starting  point  by  means 
of  a  long  adjustable  screw  arrangement,  the  other  was  carried  in  the 
boat  to  the  caisson  and  strained  to  200  lbs.  and  the  exact  distance 
marked.  Yery  correct  measurement  can  be  made  in  this  way,  but  it  is 
necessary  constantly  to  check  the  wire  under  strain  with  the  standard 
tape,  and  also  when  not  in  use  to  roll  it  on  a  reel  made  specially  so 
as  to  prevent  the  wire  getting  bent.  At  the  St.  Lawrence  Bridge,  the 
408  fl.  cantilever  spans  were  measured  in  this  way,  and  when  the  iron 
work  was  connected,  the  measurements  agreed  exactly  on  one  of  the  408 
feet  spans,  and  on  the  other  there  was  a  discrepancy  of  only  ^  inch. 

In  setting  out  piers  from  a  base  line,  the  question  will  arise  as  to  the 
length  of  base  which  will  give  the  most  accurate  results,  assuming  that  the 
transit  reading  may  be  liable  to  an  error  of  (a  seconds)  when  (a)  may 
be  1  to  5.  It  may  be  shewn  mathematically  that  this  length  should  be 
equal  to  the  length  from  the  base  to  the  pier  measured  along  the  base, 
or  that  the  angle  below  the  base  line  and  a  line  from  the  transit  to 
the  pier  should  equal  that  between  this  line  and  the  bridge  line.  This 
would  shew  that  theoretically  the  best  results  are  obtained  by  having  a 
separate  point  on  the  base  for  setting  off  each  pier.  The  author  believes 
that  this  was  carried  out  at  the  International  Bridge  at  Buffalo. 

The  next  operation  was  to  level  across  the  river.  This  was 
done  by  placing  three  of  the  best  levels  on  each  side  of  the  river, 
and  reading  on  a  large  rod  graduated  to  tH)  of  a  foot  held  up  on 
the  opposite  shore;  when  the  three  readings  were  taken  the  rods 
were  held  up  at  as  nearly  as  possible  equal  distances,  but  on  the  same 
shore.  Thus  the  errors  of  curvature  and  refraction  were  neutralized 
by  these  equal  sights.  The  error  in  levelling  by  this  method  should 
not  exceed  t^o  '^^  3,000  feet,  when  the  levels  were  transferred  across 
two  stands  for  the  large  transit  wire  set  up  just  above  the  bridge  line, 
<Hie  on  either  side  of  the  river,  and  opposite  each  a  target  placed,  whose 
centre  was  exactly  on  the  same  level  as  the  cross  hairs  of  the  transit 
when  set  on  the  opposite  stand.  Thus  by  setting  up  the  instrument  and 
directing  its  cross  hairs  on  this  target,  a  correct  level  was  ensured  The 
only  source  of  error  was  in  certain  states  of  the  weather,  the  refraction 
being  so  great  as  to  cause  an  error  of  i^  of  a  foot  in  the  line  of  levels ; 
but  slight  errors  in  levels,  except  in  the  case  of  continuous  girders,  are 
of  little  consequence,  much  less  than  errors  of  distance,  as  the  appearance 
of  a  bridge  not  sitting  fair  on  the  centre  of  the  piers  has  a  very  bad 
effect    Daring  the  time  occupied  in  triangulation,  the  contractor  was 
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employed  building  a  temporary  wharf  for  ^laDding  stone  and  otiier 
material  and  excavating  foundations  for  abutments.  Most  of  the 
plant  used  in  the  construction  of  the  St.  Lawrence  Bridge  was  shipped 
to  ''  The  Soo/'  and  comprised  two  tugs,  22  scows,  three  of  which  were 
furnished  with  steam  derricks,  two  pumps,  six  large  anchors,  two  clam 
shell  dredges,  and  other  but  less  important  implements  used  on  such  work. 
The  depth  of  the  water  on  the  site  of  the  bridge  varied  from  2  to  12 
feet. 

Although  the  extreme  rise  of  the  river,  except  after  a  westerly  gale^ 
does  not  exceed  2^  feet,  it  is  at  any  time  liable  to  1^  feet  rise  in  less 
than  an  hour,  due  to  some  wave  motion  of  the  Great  Lakes.  The  swiftest 
current  is  where  the  water  is  deepest  towards  the  Canadian  side,  and 
attains  a  velocity  of  9  miles  per  hour.  The  shallowness  of  the  water 
rendering  it  impossible  to  bring  the  tugs  within  less  than  300  foet  of  the 
piers,  the  scows  and  caissons  had  to  be  lowered  down  by  ropes. 

The  plan  of  foundation  is  similar  to  the  St.  Lawrence  Bridge,  namely, 
caissons  with  water-tight  sides  of  12^'  x  12^'  timber,  without  any  bottom, 
the  sides  scribed  to  fit  the  rock.  The  caissons  were  so  designed  as  to 
allow  a  space  of  4'  6'^  between  the  timber  and  the  sides  of  the  piers. 
A  curtain  of  canvas  was  nailed  round  the  inside  of  the  caisson  to  check 
any  current  while  depositing  the  concrete. 

The  concrete  was  formed  of  sand  and  Portland  cement  in  eqaal  quan- 
tity, to  which  was  added  as  much  broken  stone  as  the  mortar  thus  made 
would  take.  This  concrete  was  deposited  by  the  same  boxes  as  were  used 
at  the  St.  Lawrence  Bridge,  and  described  in  a  paper  by  the  author.* 
The  depth  of  the  concrete  was  never  less  than  half  the  depth  of  the  water 
with  a  minimum  depth  of  two  feet.  The  second  day  after  the  concrete 
was  deposited  the  caisson  was  pumped  dry,  the  bottom  levelled,  and 
masonry  commenced.  In  building  with  timber  caissons  and  concrete 
bottoms,  the  depth  of  the  latter  should  not  be  less  than  ^  the  depth  of 
the  water  with  a  minimum  depth  of  two  feet.  Less  concrete  than  this 
is  apt  to  cause  troublesome  leaks,  and  the  concrete  box  should  hold 
two  cubic  yards.  The  masonry  of  the  small  bridge  on  the  Canadian  side 
was  commenced  June  9th ;  and  the  north  abutment  of  the  main  bridge 
oa  June  2nd,  but  no  masonry  was  laid  in  the  river  piers  until  August  9tb  ; 
as  much  time  was  lost  in  negotiating  with  the  United  States  Grovernment 
as  to  duty  on  plant  and  material,  etc.  The  last  of  the  masonry  of  the 
Main  Bridge  was  laid  October  7th. 

The  work  proceeded  rapidly  and  smoothly  without  serious  mishaps  or 
accidents  of  any  kind,  the  experience  gained  on  the  St.  Lawrence  Bridge 

*  Transactions  Can.  Soc.  C.  E.  Vol.  I.,  Part  I.,  page  39. 
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by  the  men  employed  proving  of  great  service.  No.  1  Pier  was  the  most 
tedioa.<9,  as  a  large  quantity  of  gravel  had  to  be  dredged  off  by  means  of 
a  large  rake  attached  to  a  long  handle,  operated  from  scows  anchored 
over  the  foundation,  any  remaining  gravel  being  cleared  off  after  the 
caisson  had  been  placed.  The  most  troublesome  and  costly  foundation 
was  the  centre  pier  of  the  Swing  Bridge.  This  had  to  be  carried  down 
22  feet  below  water  level  through  seamy  rock,  in  anticipation  of  the 
enlargement  of  the  canal  at  some  future  date.  The  pier  was  circular,  with  , 
a  diameter  of  30  feet,  the  excavation  being  several  feet  wider;  leaving 
only  about  20  feet  of  rock  between  the  pier  and  the  canal,  through  which 
the  water  poured  like  a  river,  requiring  the  constant  use  of  two  large 
rotary  wrecking  pumps  until  the  masonry  reached  the  water  level. 
The  stone  used  in  the  swing  bridge  and  the  bridge  at  Canal  Street 
was  Ohio  sandstone,  the  remainder  being  white  limestone  from  the 
Owen  Sound  Quarries.  The  general  plan  of  piers  and  abutments  are 
similar  to  those  of  the  St.  Lawrence  Bridge,  the  piers  of  the  Main 
Bridge  all  being  10  feet  wide  on  top. 

The  following  is  a  brief  outline  of  the  bridge  :  Commencing  on  the 
Canadian  side,  the  approach  to  the  bridge  is  a  timber  trestle  1500  feet 
in  length,  with  two  spans  of  iron  crossing  a  small  branch  of  the  river, 
then  1900  feet  more  of  trestle  to  the  main  bridge  consisting  of  10  spans 
of  242  feet  each,  pin  connection  through  girders  :  then  350  feet  of  bank 
which  reaches  the  north  abutment  of  the  swing  bridge  over  the  Ste.  Marie 
canal.  The  swing  has  a  total  length  of  396  feet,  crossing  the  canal  at  an 
angle  of  about  60^,  then  another  bank  of  200  feet,  and  a  plate  girder 
over  Canal  Street  reaches  the  southerly  limit  of  the  Bridge  Co.'s  pro- 
perty. 


DISCUSSION. 

Mr.  Biackvdiu  Mr.  K.  W.  Blaokwell  asked  if  the  aathor  had  noticed  any  change 
in  levels  in  Lake  Superior  to  correspond  with  tidal  movements.  He 
had  seen  it  stated  that  there  was  a  slight  movement  twice  in  the  24 
hours  in  the  waters  of  the  Great  Lakes,  occasioned  by  the  same  physical 
influences  which  caused  tides. 

Mrjiannaford.  Mr.  E.  P.  Hannaford  said  the  author  had  gone  to  a  great  deal 
of  trouble  to  give  the  profession  every  information  interesting  and 
valuable  in  r^ard  to  laying  out  piers,  leaving  little  for  discussion. 

Mr.  Irwin.  Mr.  H.  Irwin  said  the  author  had  mentioned  the  advisability  of 

constructing  the  transit  with  gearing  attachments  connecting  the 
upper  and  lower  plates,  so  as  to  avoid  the  movement  of  the  lower  plate 
when  moving  the  upper,  and  wished  to  know  if  the  author  knew  of  the 
'^  reiterating  transit,"  that  is,  a  transit  with  only  one  spindle,  the 
lower  plate  being  a  fixture.  It  was  not  quite  so  handy  since  the 
vernier  could  not  be  set  to  zero  before  pointing  the  telescope  at  the 
back  sight,  but  it  practically  did  away  with  the  slipping.  These 
transits  are  used  by  Dominion  land  surveyors  in  running  the  outlines 
of  townships.  He  did  not  think  a  rack  and  pinion  connection  would 
work  satisfactorily.  He  knew  of  a  very  expensive  instrument  with  the 
rack  and  pinion  movement,  but  it  did  not  prevent  slipping.  In  the 
North-West,  reiterating  transits  were  much  used  on  account  of  their 
accuracy. 

With  regard  to  levelling  across  the  river,  he  suggested  setting  up  the 
instrumoit  first  on  one  side  of  the  river,  and  reading  a  bench  mark  close 
by  and  also  reading  a  bench  mark  on  the  other  side  of  the  river,  and 
then  going  to  the  other  side  of  the  river  and  reading  the  same  bench 
marks  similarly.  In  this  way  there  was  a  good  check  upon  the 
curvature  and  refraction.  He  had  tried  this  method  across  the 
Richelieu  River,  P.  Q.,  but  the  distance  there  was  not  greater  than 
900  ft. 

Kr.  OoAd.  Mr.  C.  E.  Ooad  said  the  author  had  apparently  experienced  the 


Discussion  on  Sault  Ste.  Marie  Bridge,  175 

same  difficulty  as  he  had  on  a  bridge  upon  the  Montreal  &  Ottawa 
Railway,  where  the  river  was  about  700  feet  across.  A  steel  wire 
could  not  be  depended  upon  for  accuracy;  and  triangulation  was 
resorted  to. 

Mr.  H.  Irwin  remembered  reading,  that  in  building  the  Forth  Bridge  Mr.  irwin. 
a  steel  wire  was  found  to  be  satisfactory  as  a  check  measurement.     It 
was  strained  by  known  weights,  and  the  difference  from  the  calculated 
length  was  small  in  the  distance  of  about  1700  feet. 

Mr.  E.  P.  Hannaford  said  that  reference  had  been  made  by  the  Mr.Hannaford. 
author  to  the  International  Bridge  at  Buffalo.  This  bridge  was  built 
by  the  present  president  of  the  Society,  the  speaker  being  the  engineer, 
and  Mr.  Joseph  Hobson,  M.  Can.  Soc.  C.  E.,  the  resident  engineer. 
On  the  Canadian  side  a  base  line  was  laid  out  at  an  angle  of  about  90 
degrees  with  the  line  of  the  bridge,  and  its  length  checked  by  rods  and 
a  steel  tape,  then  another  or  check  base  was  established  on  the  American 
side.  The  position  of  the  piers  was  given  by  a  fixed  transit  in  the 
line  of  the  bridge  and  another  transit  at  the  end  of  the  base  line.  The 
Niagara  River  at  the  site  of  the  bridge  is  very  deep  with  a  strong 
current  and  bad  anchorage. 

The  working  out  of  the  position  of  the  piers  and  placing  them  by 
triangulation  was  eminently  successful.  There  was  no  error  due  to 
calculation,  and  what  little  there  was  in  exactly  centering  the  inner 
and  outer  caissons  of  each  pier  was  owing  to  the  trouble  in  getting  the 
caissons  in  their  right  position,  because  although  a  liberal  allowance 
was  made  for  lee-way,  the  depth  of  water — 45  feet — and  the  rapid 
current  caused  the  caissons  to  sway,  or  surge,  although  every  pre- 
caution by  means  of  side  and  bottom  anchorage  was  resorted  to.  (Sec 
book  on  International  Bridge,  1873,  by  C.  S.  Gzowski.) 

He  could  not  conceive  how  anyone  could  rely  on  wire  for  distances  ; 
it  seemed  to  him  a  most  erratic  and  unreliable  method.  He  had 
never  seen  concrete  boxes  used  as  large  as  those  mentioned  by  the 
author,  containing  two  cubic  yards. 

Mr.  0.  E.  Ooad  said  such  boxes  would  be  heavy,  but  he  certainly  Mr.  ooad. 
thought  they  are  a  step  in  the  right  direction. 

Mr.  P.  W.  St.  (Jeorge  understood  these  boxes  were  lowered  into  Mr.  st  oeorge. 
the  water,  so  as  to  get  as  near  the  river  bed  as  possible  before  deposit- 
ing the  concrete. 
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Mr.iMaflfly.  ]^p  (J  g^  Massy  explained  that  the  concrete  boxes  were  constructed 

with  the  bottoms  above  the  lower  edges  and  opening  at  the  centre,  so 
that  when  the  box  rested  on  the  foundation,  the  bottom  could  be 
opened  from  above,  allowing  the  concrete  to  slip  out  gradually. 

He  considered  the  larger  the  concrete  box  the  better  ;  but  of  course 
this  necessitated  strong  derricks  and  large  scows.  The  contractor  had 
found  it  difficult  to  handle  boxes  containing  two  cubic  yards,  but  it 
was  undoubtedly  better  to  deposit  concrete  in  large  quantities. 

Mr.  St.  George.  Mr.  P.  W.  St.  George  asked  if,  after  depositing  concrete  from  the 
boxes,  the  author  had  an  opportunity  of  seeing  how  the  concrete  was 
left  on  the  bottom,  and  whether  the  cement  and  sand  had  separated 
from  the  stone  ? 

Mr.Masoy.  Mr.  Massy  replied  that  when  the  caissons  were  pumped  out,  there 

was  every  opportunity  of  observing  how  the  concrete  lay  on  the  bottom, 
and  there  was  generally  about  three  inches  of  loose  stone  which  could 
be  shovelled  off  before  reaching  the  solid  concrete.  It  was  more  than 
probable  that  the  next  box  of  concrete  would  mix  with  and  consolidate 
this  loose  stone.  As  to  the  state  of  the  concrete  along  the  sides  of  the 
caisson,  he  had  watched  the  construction  of  a  concrete  abutment  built  on 
dry  land,  and  when  the  planks  were  removed  the  concrete  presented  a 
solid  face  on  which  the  mark  of  the  grain  of  the  timber  could  be  seen. 

Mr.  st.'George.  Mr.  St.  Oeorge  remarked  that  the  sides  would  not  have  the  same 
opportunity  as  the  bottoms  from  which  the  stones  would  be  heaved  up, 
as  was  the  case  in  road-making. 

Mr.HAnnaford^     Mr.  Hanuaford  asked  what  were  the  proportions  of  the  concrete  ? 

Mr.  Massy.  Mr.  Massy  replied  that  the  proportions  were  about  one  of  cement, 

one  of  sand,  and  four  of  broken  stone.  The  object  in  making  the  con- 
crete so  rich  was  to  allow  for  any  loss  due  to  the  cement  washing  away 
from  the  sand  during  the  process  of  submersion.  He  thought  for  this 
class  of  work  the  concrete  could  best  be  prepared  by  gangs  of  men 
sufficient  to  keep  one  box  employed  constantly. 

Mr.  St  George.  Mr.  St.  George  referred  to  the  Aberdeen  harbour  and  docks,  in  the 
construction  of  which  concrete  consisting  of  ten  of  stone  to  one  of  sand 
and  one  of  cement  was  used ;  and  to  the  Manchester  canal,  the  concrete 
used  in  the  main  wall  of  which  was  in  the  proportion  of  twelve  to  one, 
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except  the  face  work,  which  was  four  to  one.  This  showed  that  in 
fingland  an  apparently  much  weaker  concrete  was  used  than  in  this 
country,  which  he  said  was  because  there  the  cement  could  be  obtained 
fresh.     Here  such  high  tensile  strengths  were  not  obtained. 

Mr.  Massy  thought  the  reason  stronger  cements  were  not  imported  Mr.  Massy, 
was  because  engineers  as  a  rule  did  not  specify  such,  and  manufac- 
turers would  not  exceed  the  specifications. 

Mr.  St.  George  thought  Mr.  Massy  was  in  error,  as  he  understood  ^'^^'  St.  George 
there  was  no  special  method  of  making  cement  in  England  for  export- 
ation. He  has  visited  the  English  factories,  and  considered  the  diffi" 
oulty  was  in  the  fact  that  cement  was  held  by  for  a  time  and  then 
shipped  to  this  couotry,  so  that  they  got  old  instead  of  fresh  cement. 
His  observation  was  similiar  with  tile  pipes,  agents  often  sending  an 
inferior  article  to  this  country  to  that  used  in  England. 

Mr.  Hannaford  said  he  had  always  understood  that  there  was  little  Mr.Hannaford. 
difference  in  the  various  brands  of  standard  manufactures  of  English 
Portland  cement.  His  experience  with  concrete  was  that  he  should 
hesitate  to  use  any  weaker  than  one  in  six — one  of  cement  to  six  of  sand 
and  stone.  He  preferred  one  in  five — ^weak  concrete  was  dangerous* 
He  generally  specified  for  two  of  sand  and  two  of  broken  stone  to  one 
of  Portland  cement.  It  was  better  to  be  on  the  safe  side  when  letting 
the  work,  as  when  tendering  contractors  were  ready  to  bid  the  same 
for  strong  as  for  weak  concrete. 

Mr.  Irwin  said  that  some  of  the  barrels  of  cement  imported  were  Mr.  irwin. 
smaller  than  those  used  in  the  United  States  and  England,  where  they 
were  3f  or  4  cubic  feet.     He  had  once  tested  the  capacity  of  barrels 
of  English  cement,  and  found  the  average  to  be  only  2j^  cubic  feet. 

Mr.  St.  George  said  barrels  of  English  cement  weighed  370  to  375  Mr.  st.  oeoige. 
lbs.,  German  400,  and  American  240  lbs.  The  city  of  Montreal  pur. 
chased  cement  per  100  lbs.,  not  by  the  barrel,  and  every  tenth  barrel 
was  weighed.  There  were  cements  in  the  market  that  had  been  re- 
barrelled  here  ;  some  in  fact  were  reground  here,  having  being  injured 
by  the  voyage. 

Mr.  Massy  said  in  reply  to  remarks,  that  he  had  not  answered  Mr.  Massy, 
that  the  general  weight  of  English  cement  was  seven  barrels  to  a  ton* 
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He  had  noted  the  rise  and  fall  in  Lake  Superior,  but  ooold  not  difl- 
cover  any  law  governing  it,  as  the  movement  at  times  was  most  erratic. 
A  movement  towards  higher  water  would  often  ooour  twice  in  a  few 
hours,  and  then  not  for  days.  He  did  not  think  the  effect  of  a  tide 
was  noticeable. 

With  reference  to  the  rack  and  pinion  attachment  to  the  transit,  he 
had  never  used  such  an  instrumsnt  as  mentioned  by  Mr.  Irwin. 

With  r^ard  to  levelling  across  a  river,  he  had  never  tried  the 
method  mentioned.  The  simplest  way  that  occurred  to  him  was  to 
take  two  equal  sights,  and  then  eliminate  every  kind  of  error  due  to 
curvature,  refraction,  etc.  He  had  read  an  article  on  the  Forth  Bridge 
by  one  of  the  assistant  engineers,  in  which  it  was  stated  that  the 
errors  made  by  measuring  with  a  wire  amounted  to  6|  inches,  which 
they  did  not  appear  to  be  able  to  account  for. 

With  respect  to  measuring  distances  by  wire,  he  thought  the  simplest 
method  was  to  suspend  the  wire  on  land,  measure  the  length,  then  sus- 
pend the  wire  under  identically  the  same  circumstances  over  the  points 
to  be  measured  afterwards,  again  testing  the  wire  on  land.  He  had 
found  on  several  occasions,  with  these  precautions,  that  the  wire  had 
undergone  a  change  in  length. 

Kr.Fairman.  ^^*  ^-  Fairman  said  he  agreed  with  the  remarks  as  to  the  unrelia- 
bility of  measurements  made  by  wire.  His  experience  as  a  manu- 
facturer was  that  wire  made  out  of  crucible  cast  steel  and  of  high 
tensile  strength  was  the  only  wire  that  could  be  at  all  depended  upon, 
and  even  then  the  difficulty  of  annealing  such  wire,  so  as  to  render  it 
the  same  throughout,  was  such  as  to  prevent  its  being  absolutely  relia- 
ble for  measurements. 


Thursday,  8th  May. 

P.  E.  F.  BROWN,  Member  of  CounoU,  in  the  Chair. 

BaperNo.  43, 

GBNEEATION,  DISTRIBUTION  AND  MEASUREMENT  OF 
ELECTRICITY  FOR  LIGHT  AND  POWER ; 

APPLIANCES  THERBFOB,  AND  PARTICULARS  OF 
CANADIAN  INSTALLATIONS. 

By  a.  J.  Lawson,  M.  Can.  Soc.  C.E.,  A.LB.B. 

Introduction. 

Although  hardly  fourteen  years  have  elapsed  since  the  first  applica^ 
tion  of  electrio  arc  lighting  on  a  commercial  scale,  and  only  about  nine 
years  since  the  practical  introduction  of  incandescent  electric  lighting, 
yet  the  production  of  electric  currents  by  mechanical  means  had  long 
before  that  time  been  successfully  solved  by  men  to  whom  our  indebted- 
ness is  too  often  ignored.  They  were  not  patentees  but  inventors,  and 
the  splendid  results  of  their  labours  were  often  freely  given  for  the  public 
benefit  without  thought  of  personal  advantage.  First  among  these  dis^ 
interested  discoverers  and  benefactors  was  Michael  Faraday,  who  in 
1831  discovered  the  law  of  induction  of  curreDts  and  the  principles  of 
magneto  electricity,  and  who  published  to  the  world  his  researches  with 
the  remark,  ''  I  have  rather  been  desirous  of  discovering  new  facts  and 
''  new  relations  than  of  exalting  those  already  obtained,  being  assured. 
"  that  the  latter  would  find  their  full  development  hereafter,"  a  pro- 
phecy now  most  amply  fulfilled. 

Profiting  by  the  knowledge  obtained  from  Faraday's  researches,  Pizii. 
of  Paris  constructed  in  1832  the  first  appliance  embodying  the  principle 
of  magneto-electric  induction,  and  for  several  years  thereafter  many 
inventors  worked  on  the  same  subject,  but  it  was  not  until  1860,  just  30 
years  ago,  that  Dr.  Antonio  Paocinotti,  of  Florence,  invented  the  first. 
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generator  of  electricity,  having  an  electro-magnetic  field  and  an  annular 
armatare,  —  a  machine  which  may  be  justly  described  as  the  pro- 
totype of  all  the  dynamo-electric  machines  now  known  as  Oramme 
armature  dynamos.  The  exciting  current,  however,  was  not  obtained 
from  the  machine  itself,  as  is  now  the  common  practice  in  all  continuous 
current  generators,  but  was  derived  from  a  battery  connected  to  the 
wires  forming  the  field  winding. 

In  1866,  the  idea  of  a  self-exciting  dynamo  suggested  itself,  almost 
simultaneously,  to  Mr.  S.  A.  Yarley  of  London,  England,  and  to  Dr. 
Werner  Siemens  of  Berlin,  Ghermany.  Mr.  Yarley  patented  his  machine 
towards  the  close  of  that  year,  and  the  publication  of  the  patent 
took  place  in  July,  1867.  In  January,  1867,  Br.  Siemens  described 
publicly  for  the  first  time  the  dynamo-electric  machine  which  he 
had  invented  the  previous  year.  Sir  Chas.  Wheatstone  also  invented, 
about  that  time,  a  machine  which  was  self-exciting,  and  which  he 
had  had  constructed  in  the  workshops  of  Mr.  Augustus  Stroh  of 
London. 

In  1870,  Mr.  Z.  T.  Oramme,  of  Paris,  invented  the  armature  wind- 
ing which  bears  his  name,  and  the  commutator  and  connections  thereto- 
one  of  the  most  important  improvements  in  the  development  of 
dynamo-electric  machinery. 

In  1876,  Mr.  C.  F.  Brush,  of  Cleveland,  Ohio,  invented  his  arc  light 
dynamo  with  cast-iron  field  magnets  and  cast-iron  armature,  a  type  of 
machine  of  which  the  first  constructed  is  still  running  in  Baltimore, 
and  which,  while  closely  resembling  the  Paccinotti  and  Gramme 
machines,  had  its  distinctive  peculiarities.  From  this  machine  and 
the  series  arc  lamp,  invented  by  Mr.  Brush,  may  be  said  to  date  the 
-commercial  development  of  arc  lighting ;  and  it  is  probably  to  the  inter- 
est evoked  by  the  success  which  attended  Mr.  Brush's  inventions  that 
the  present  success  of  electric  lighting  generally  is  due. 

In  1879,  Mr.  T.  A.  Edison,  who  had  been  engaged  for  some 
months  in  experimental  work,  produced  a  lamp,  which  gave  rise  to 
great  expectations  and  much  speculation.  His  experiments  did  not 
indeed  result  at  that  time  in  a  commercial  article,  but  they  were  the 
foundation  of  his  success  the  following  year,  when  he  abandoned  the 
attempt  to  use  filaments  of  platinum-iridium  wire  and  resDrted  to  car- 
bon as  the  light-giving  medium.  But  it  was  not  until  1881,  when  he 
succeeded  in  obtaining  a  really  durable  incandescent  lamp,  that  the 
.  application  of  electricity  to  domestic  lighting  became  a  possibility,  and 
dts  adoption  only  a  question  of  time. 

Mr.  J.  W.  Swan  of  England  and  Mr.  W.  B.  Sawyer  of  New  York, 
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who  bad  been  experimentiDgon  the  same  lines  for  probably  a  mucb  longer 
period  than  Edison,  buth  invented,  aboat  the  same  time,  lamps  embody- 
ing the  elements  of  the  sucoess  which  afterwards  attended  their  en- 
deavours ;  but  whilst  to  the  three  distinguished  inventors  mentioned  is 
due  the  credit  of  the  production  of  really  efficient  commercial  incan- 
descent lamps,  the  fact  that  they  were  simply  perfecting  the  ideas  of 
other  investigators,  who  had  long  previously  experimented  on  the  same 
lines,  seems   to  have  been  generally  forgotten. 

On  September  4tb,  1882,  the  Edison  station  for  the  distribution  of 
current  to  supply  incandescent  electric  lights,  located  in  Pearl  Street, 
New  York,  the  first  permanent  station  of  its  kiud,  was  put  into 
operation. 

In  1870,  not  a  single  horse-power,  whether  produced  by  steam  or 
water,  was  used  for  electric  lighting,  or  for  the  manufactare  of  electric 
lightbg  apparatus,  yet  now  it  is  estimated  that  out  of  a  total  of  five 
and  a  quarter  millions  horse-power  developed  by  steam  engines  and 
water  wheels  on  this  continent,  half  a  million  horse-power,  or  nearly  ten 
percent.,  is  used  in  the  production  of  electric  current  for  the  distribution 
of  light  and  transmission  of  power,  and  in  the  manufacture  of  electrical 
machinery  and  appliances. 

At  the  beginning  of  1886,  there  were  in  the  United  Slates  and  Canada 
450  local  electric  lighting  companies  operating  central  stations.  At  the 
beginning  of  1887,  the  number  had  increased  to  750  ;  and  at  the  begin- 
ning of  1889  to  nearly  1,200 ;  while  in  January,  1890,  there  were 
1185  different  companies  operating  central  stations  in  the  United 
States,  147  in  Canada  and  25  in  Central  America  and  Mexico,  besides 
266  gas  companies,  etc.,  engaged  in  electric  lighting,  making  a  lotaL 
of  no  fewer  than  1623. 

At  tbe  end  of  1886,  there  were  1,000  incandescent  and  nearly  the 
same  number  of  arc  isolated  plants.  The  number  of  private  plants 
now  in  the  United  States  is  3,925;  in  Canada  and  miscellaneous  196,. 
and  in  Central  America  and  Mexico  200 ;  making  a  total  of  4,300 
isolated  electric  lighting  plants,  large  and  smaU. 

The  following  was  the  condition  of  the  arc  lighting  business  at 
the  beginning  of  the  years  mentioned : 


Yew. 

Arc 

lampe  in  use. 

Year. 

Arc  lamps  in  use. 

1882 

6,000 

1886 

96,U00 

1883 

12,000 

1887 

116,000 

1884 

24,000 

1888 

160,000 

1885 

48,000 

1889 

210,000 

while  in  1890 

the 

lamps  in 

use 

number 

235,000.    Of  these  about 
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68,000   are  of  the  Thomson-Houston  manufacture,  and  49,000  have 
been  made  by  the  Brush  Eleotric  Company. 

Between  November,  1886,  and  January,  1889,  the  number  of  inoan- 
desoeat  lights  in  America  more  than  quadrupled,  increasing  from 
525,000  to  2,500,000.  At  the  present  time,  there  are  fully  2,800,000 
incandescent  lamps  in  use,  of  which  803,500  are  supplied  from  alternat- 
ing current  plants,  and  of  these  408,350  with  the  necessary  apparatus, 
including  25,000  converters,  have  been  furnished  by  the  Westinghonse 
Electric  Co.,  208,760  by  the  Thomson-Houston  Co.,  111,500  by  the 
Fort  Wayne  Electric  Co.  and  the  majority  of  the  remainder  by  the 
Brush  Electric  Co.*  since  September  last.  In  addition  to  these  the- 
Thomson-Houston  Company  has  furnished  plant  for  direct  current  dia- 
tributioD  of  a  total  capacity  of  144,000  lamps,  the  Brush  Company  for 
nearly  200,000  lamps,  and  the  Westinghonse  Company  for  45,000  lamps. 
The  estimated  total  capitalization  of  electric  lighting  an  1  eleotric  manu- 
facturing companies  in  America  at  the  present  time  is  $250,000,000. 

eLeGTRIO  LiaHTINO  IN  OANADA. 

Being  one  of  the  pioneers  in  construction  of  electric  lighting  plant  in 
Canada,  and  the  manufacturer  or  constructor  of  nearly  30  per  cent,  of 
the  total  capacity  of  incandescence  lighting  installations  now  in  opera- 
tion in  the  Dominion,  the  writer  submits  the  following  brief  history 
of  the  progress  of  the  electrical  industry  in  this  country. 

Ten  years  ago  there  was  not  one  electric  light  plant  in  operation  in 
Canada.  The  first  plants  erected  were  Brush  arc  plants  of  small  capacity. 
About  the  end  of  December,  1882,  some  Thomson-Houston  arc  lights 
were  placed  on  exhibition  in  Montreal  by  the  Thomson-Houston  Electric 
Co.  of  Canada  (afterwards  merged  into  the  Boyal  Electric  Co.  of  Mont- 
real), lighting  St.  James  Street,  Beaver  Hall  Hill,  and  part  of  Dorchester 
street,  but  the  first  permanent  installation  for  street  lighting  in  the 
city  was  that  supplied  from  a  Brush  dynamo  owned  by  the  Harbour 
Commissioners,  who  by  this  means  lighted  the  harbour,  wharves  and 
approaches. 

In  the  Fall  of  1883,  some  50  arc  lights  of  the  Hochhausen  and  Yan- 
depoele  systems  were  placed  in  the  streets  of  Toronto,  and  Winnipeg 
also  had  some  arc  lights  put  into  operation  about  the  same  time.  In 
May,  1885,  Ottawa  adopted  the  Thomson-Houston  arc  light  for  its 
streets,  replacing  thereby  both  gas  and  oil,  and  in  1887  Quebec 
followed  its  example,  and  Halifax  and  other  places  followed. 

In  1889,  Montreal  gave  a  contract  for  the  eleotric  lighting 
of  the  whole  of  its  streets  to  the  Royal  Electric  Co.  for  a  period 
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of  five  years,  a  portion  of  the  city  having  heen  lighted  by  the  same 
company  since  1886.  Hamilton  also  is  now  lighted  by  the  arc 
light,  and  St.  John,  N.B.,  has  recently  contracted  for  the  lighting 
of  the  whole  city,  dividing  the  work  between  the  companies  opera - 
ing  the  Thomson-Houston  and  the  Brush  systems,  so  that  the 
following  cities  may  be  said  to  have  adopted  exclusively  the  arc  light 
in  place  of  gas  or  oil : — Montreal,  Ottawa,  Quebec,  Hamilton,  London, 
Winnipeg,  Victoria,  Vancouver,  Halifax,  Sr.  John,  N.B.,  St.  John*s, 
N.P.,  Moncton  and  Sherbrooke,  besides  the  majority  of  the  towns 
throughout  the  Dominion,  so  that  comparatively  little  work  remains 
to  be  done  in  arc  lighting;  incandescent  lighting  for  residences 
and  stores  being  the  principal  field  remaining  unoccupied,  and  there 
can  be  no  question  that  the  large  majority  of  this  work  will  be  done  on 
the  alternating  current  system,  which  is  so  admirably  fitted  for  the 
lighting  of  our  widely-built  cities  and  towns,  and  for  the  utilization 
of  our  numerous  water  powers  for  this  purpose. 

In  1882,  two  private  installations  of  incandescent  lights  were 
made  in  the  city  of  Montreal.  The  system  employed  was  the 
Maxim,  which  was  put  into  the  St.  Lawrence  Hall  and  the  Bank  of 
Montreal.  So  crude  was  the  construction  of  these  plants  that  they  proved 
unsatisfactory,  and  after  a  very  short  time  both  were  discontinued. 
In  the  St.  Lawrence  Hall  only  one  lead  was  carried  from  the  dynamos 
to  the  lamps,  the  return  being  made  throagh  gas  and  water  pipes,  a 
method  which,  it  need  hardly  be  pointed  out,  would  not  now  be  per- 
mitted by  the  Board  of  Fire  Underwriters.  The  wire  used  in  the 
Bank  of  Montreal  for  mains  did  not  even  have  the  coating  of  paint 
which  would  have  gained  for  it  the  mbnomer  of  "  Underwriters  wire," 
but  was  merely  single  cotton-wound  magnet  wire.  This  is  not  pointed 
out  as  reflecting  in  any  way  on  the  Maxim  Co.  :  all  companies'  systems 
at  that  time  were  about  equally  crude. 

In  the  Fall  of  1882,  a  contract  was  made  for  lighting  the  Canada 
Cotton  Co.'s  mill  at  Cornwall  with  the  Edison  light.  A  plant  of  500 
16  0.  p.  lamps  capacity,  constructed  under  the  superintendence  of  Mr. 
Byllesby,  now  Vice-President  of  the  Westinghouse  Co.,  was  started  on 
the  28th  day  of  February,  1883.  In  June,  1883,  an  exhibition  Edison 
incandescence  plant  was  placed  in  the  *'  Mail "  building,  Toronto,  but 
was  discontinued  a  few  months  later. 

The  Montreal  Cotton  Co.'s  mills  at  Valleyfield  were  next  lighted  in 
September  1883,  800  lights  being  placed:  which  number  was  subse- 
quenilj  increased  to  about  1100.  The  Canada  Cotton  Co.'s  plant  was 
also  increased  at  the  end  of  the  year  to  1200  lights,  and  it  is  now  the 
^argest  private  installation  in  Canada.  In  January  of  1884,  two  compe- 
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titive  plants  of  small  capacity  were  placed  in  the  Parliament  Baildiags 
at  Ottawa,  for  the  lighting  of  which  the  writer  furnished,  in  1886, 
Edison  machinery  of  a  total  capacity  of  1000  lights. 

The  first  incandescence  electric  light  station  in  Canada  was  started  at 
Victoria,  B.C.,  in  January,  1887,  and  was  followed  by  that  at  Vancou- 
ver, B.C.,  completed  in  September  of  the  same  year.  The  distribution 
from  both  stations  is  on  the  three- wire  system. 

The  station  at  Calgary,  N.W.T.,  was  completed  and  started  in 
October,  1887,  and  in  January,  1888,  the  station  at  Valleyfield,  with 
overhead  conductors — at  that  time  the  best  constructed  of  all  the  Edison 
stations  in  Canada — was  put  into  operation.  For  these  four  stations 
the  writer  supplied  and  erected  all  the  machinery,  and  remodelled  the 
stations  originally  constructed  in  the  two  first-named  places. 

The  Cornwall  station  on  the  Westinghouse  A.  C.  system,  completed 
the  same  year,  was  the  first  A.  C.  station  in  Canada. 

Toronto  is  the  only  place  in  which  underground  wires  have  yet 
been  placed,  but  the  Edison  station,  from  which  they  are  fed,  has 
only  lately  been  put  into  operation.  It  is  the  intention  of  the  older 
Toronto  Electric  Light  Co.  to  put  under  ground  the  wires  for  arc 
lights  and  for  the  alternating  current  plant  about  to  be  installed. 

The  Barrie  central  station,  which  the  writer  has  constructed,  is  the 
latest  completed  central  station  plant,  and  the  only  one  in  the  Dominion 
on  the  A.  C.  system  carrying  2000  volts  in  tho  primary  wires  and 
nearly  100  volts  in  the  secondaries,  and  it  is  one  in  which  the  highest 
quality  of  insulation,  both  of  primary  mains  and  house  wiring,  has 
been  used. 

At  the  present  time  there  are  13,530  arc  lights  and  about  70,765  incan- 
descent lamps  in  use  throughout  the  Dominion.  There  is  hardly  a  village 
in  Ontario,  having  a  population  of  over  three  thousand  inhabitants, 
which  has  not  an  electric  light  station  of  some  kind  in  operation,  and 
few  of  the  important  towns  of  the  other  Provinces  are  without  electric 
lighting.  Most  of  these,  it  is  true,  are  arc  lighting  stations,  but 
about  a  dozen  supply  the  incandescent  light  only,  chiefly  to  stores  and 
public  buildings,  the  lighting  of  residences  being  yet  scarcely  entered 
upon.  Several  of  the  local  companies  which  have  hitherto  supplied  the 
arc  light  alone,  or  with  a  few  incandescent  lamps  in  series  with  their  arcs, 
or  in  series  multiple  with  them,  have  recently  purchased  and  put  into 
operation  incandescence  A.  C.  plants ;  and  the  various  lighting  companies 
formed  for  the  supply  of  incandescent  lights  only,  have  also  foand  it 
necessary  in  most  cases  to  add  arc  lighting  to  their  business,  it  having 
been  sufficiently  demonstrated  that  the  incandescent  light  is  unsuitable 


Electricity  for  Light  and  Power. 


185 


for  street  lighting,  the  publio  demaDding  from  eleotrio  lighting,  whether 
arc  or  incandescent,  a  much  better  iUumination  than  is  nsually  obtained 
from  gas  lighting,  and  in  this  respect  the  incandescent  light  has  failed 
to  meet  the  expectations  of  its  advocates.  The  Edison  muni- 
cipal system  was  used  for  street  lighting  on  the  Lachine  Canal, 
and  at  Vancoaver,  B.  0.,  Yalleyfield,  Qae.,  and  Chatham,  N.  B.,  but 
has  been  replaced  by  arc  lights  in  the  two  first-named  places. 

The  principal  electric  lighting  stations  in  Canada  of  which  the  capa- 
city 13  100  arc  lamps  of  2,000  nominal  candle  power  or  over,  or  1,000 
incandescent  lamps  of  16  candle  power  or  more,  are  : — 


Plaoe. 

No.ofAro 
Lights. 

Inc. 
Light* 
16  0.  p. 

System. 

fiarrie,  Ont 

76 

1,200 
1,000 

Ball  Arc,  Brush  A.  C.  Incandeecence* 
Ball  and  Reliance  Arc,  Slattery  A.  C. 

Brock  ville,  Ont 

106 

Incandescence. 

Cornwall,  Ont 

1,300 

Westinghouse  A.  C 

Gazette  Printing  Co., 

Montreal,  Que.... 

1,350 

Edison. 

Halifax,  N.S 

200 

1,960 

Thomson-Houston  and  Fulle^Wood 
Arc,  Slattery  Incandescence. 

u 

260 

1,400 

Thomson-Houston  and  Ball  Arc  and 
Westinghouse  A.C.  Incandescence 

Hamilton,  Ont 

394 

2,000 

Thomson-Houston  ArCjWestinghouse 
A.  C.  Incandescence. 

Joliette,Que 

30 

1,600 

Thomson-Houston  Arc    and   A.  C. 
Incandescence. 

London,  Ont 

100 

Thomson -Houston. 

(C 

160 

Ball. 

Montreal,  Que 

1,440 

2,000 

Thomson-Houston. 

Ottawa,  Ont .\ 

622 

Thomson-Houston. 

«« 

4,000 

Westinghouse  A.  C.  and  Weston  mul- 

Peter boro,  Ont 

137 

Thomson-Houston.          [tiple-series. 

Quebec,  Que 

Su  Catharines,  Out. 

692 

1,000 

Thomson-Houston. 

106 

216 

Thomson-Houston  Arc,  Weston  mul- 

tiple-series   Incandescence. 

Sherbrooke,  Que.... 

167 

600 

Ball  and  Thomson-Houston  Arc,  and 

T.-H.,  A.  C.  Incandescence. 
Thomson-Houston. 

St.  John,  N.B 

326 

1,000 

CI 

206 

Brush. 

Toronto,  Ont 

760 

1,000 

Hochhausen-Wrieht  Arc,  and  T.-H. 
series  Incanoescence. 

•                 €€ 

10,000 

Edison. 

Truro,  N.S 

60 

1,800 
1,200 

Thomson-Houston  Arc,  Mather  Inc. 
Edison. 

Vaileyfield,  Que 

Vancouver,  B.G.... 

100 

1,160 

Thomson-Houston  Arc>  Edison  Inc. 

Victoria,  B.C 

60 

1,200 

BallArc,  Edison  Incandescence. 

Winnipeg,  Man.... .^. 

200 

1,000 

Brush  and  Thomson-HouBton  Arc, 
and  T.H.  Incandescence. 

•            c« 

3,000 

Edison. 

Yarmouth,  N.S 

100 

Puller  Wood. 

*  The  two  stations  marked 
actually  run  at  present  about 
they  are  rated. 


thus  have  the  nominal  capacity  given  here,  but 
20  per  cent  of  the  number  of  lights  at  which 
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The  private  iDStallatioDS  for  iDcandesoenoe    lighting  in  Canada, 
having  a  dynamo  capacitj  exceeding  600  lamps  of  16  c.  p.,  are : — 


Name  oi  Owoer. 

No.  of 

lamiMl« 

o.p. 

SyBtem. 

Canada  Cotton  Co.,  Cornwall,  Ont 

1,260 

1,000 

1,000 

1,000 

860 

860 

800 

700 

600 

Edison. 

Montreal  Cotton  Co.,  Valleyfield,  Que. 

New  York  Life  Ins.  Co.,  Montreal,  Que .... 

Parliament  Buildings,  Ottawa,  Ont 

Stormont  Cotton  Co.,  Cornwall,  Ont 

Gibson  Cotton  Co^  Marysville,  N.B 

Canadian  Pacific  Kailwiiy  Station,  Montreal. 
Maroe  Print  Co.,  Maeoe,  Que 

(C 

Brush. 

Edison. 

(1 

Thomson-Houston. 
Edison    &  Thomson- 

W.  Bell  &  Co.,  Guelph,  Ont 

Houston. 
Brush. 

The  followiog  is  a  summary  of  the  namher  of  lights  of  the  various 
systems  now  in  operation  in  the  Dominion : — 


System. 


Thomson-Houston 

Edison 

Ball 

Brush 

Hochbausen  (Wright's  improved) . 

Beliance 

Westinghouse 

Slattery 

Craig 

Mather . 

Weston 

Fuller  Wood 

Other  systems > . 


Incandwcent 
Lights. 


14,600 

23,600 

1,660 

3,300 


6,860 
6,860 
4^16 
3,126 
6.366 

'i',6o6 


XNGINSS. 

Whether  the  system  to  be  employed  be  the  low  tension  incandesoenoe, 
tlie  alternating  current  inoandescence,  or  the  high  tension  continuous 
current  arc  system,  the  three  which  are  to-day  practically  the  only  ones 
operated  to  any  extent  in  America,  one  of  the  chief  points  to  be  con- 
sidered in  the  construction  of  a  station  is  the  economical  generation  and 
application  of  the  prime  power.  Unfortunately  in  a  great  many  cases 
where  steam  power  is  used,  it  was  assumed  in  the  early  stages  of  elec- 
tric station  construction  that  any  kind  of  steam  plant  would  answer. 
Old  slide-valve  engines,  which  drove  machinery  as  antiquated  as  them- 
selves in  machine  shops,  saw  mills,  woollen  factories,  and  like  places 
during  the  day  were  used  at  night  for  the  running  of  electric  light 
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maohinerjy  and  very  good  reason  naturally  eziBted  for  the  complaints 
made  of  the  uosteadiness  aod  unsatis&ctorj  character  of  the  b'ghts 
supplied. 

High-speed  engines  belted  direct  to  the  dynamos  were  next  tried,  and 
having  been  found  to  give  much  better  results  in  point  of  steadiness,  a 
number  of  builders,  who  had  had  no  experience  in  such  work,  undertook 
the  manufacture  of  this  class  of  engines,  and  evidently  tried  to  com- 
bine the  old  designs  for  agricultural  engines,  upon  which  their  previous 
practice  was  based,  with  some  of  the  principles  embodied  in  the  best 
class  of  engines  sold  in  the  United  States  for  electric  light  purposes. 
The  product  was  a  mechanical  curiosity,  and  a  failure.     It  is  safe  to 
say  that  in  not  one  of  the  Canadian  shops  building  these  engines  in  the 
early  history  of  electric  lighting  in  Canada  was  there  a  proper  equip- 
ment for  the  manufacture  of  high-speed  machines  of  any  kind.     No 
parts  were  made   to  gauge  so  that  in  the  event  of  a  break  down  the 
broken  part  could  be  duplicated  without  sending  it  back  to  the  shop  as 
a  model.     A  reaction  soon  afterwards  set  in  in  favour  of  slow-speed 
engines,  especially  for  arc  lighting,  and  at  the  present  time,  with  few 
exceptions,  engines  of  the  Brown  and  Wheelook  types  are  used  in  all 
arc  light  stations  in  Canada  operated  by  steam  power.     For  the  running 
of   incandescence    plants,    however,    high-speed    engines,    mostly  of 
American  manufacture,  have  obtained  tiiie  preference  to  which  their 
excellent  qualities  and  performance  entitle  them. 

Brown  engines  furnish  the  motive  power  for  the  Central  Stations  in 
Montreal,  Toronto  and  Winnip^,  both  Brown  and  Wheelock  engines 
are  used  in  Halifax  and  London,  and  Wheelock  engines  in  Hamilton, 
while  Armington  and  Sims  engines  are  the  prime  motors  in  the 
stations  in  St.  Johns,  N.F.,  St.  John,  N.B.,  Calgary,  Alta.,  Vancouver 
and  Victoria,  B.C.,  and  in  the  Parliament  Buildings  at  Ottawa. 

14,750  H.  P.  generated  by  steam  engines  is  used  for  electric  light- 
ing and  electric  railway  working  in  Canada, 

The  economy  of  many  stations  could  be  increased  by  the  intelli- 
gent use  of  the  indicator,  instead  of  trusting  to  the  valves  of  engines 
being  properly  set  by  guess  work,  as  is  now  so  frequently  the  case. 

BOILBBS. 

With  the  exception  of  the  Boyal  Electric  Co.*s  east  end  station  in 
Montreal,  the  ordinary  horizontal  fire-tubular  steam  boiler  has  been 
used  in  every  station.  In  that  case  the  Babcook  and  Wilcox  water- 
tubular  boiler  is  employed.  In  some  cases  the  Jarvis  setting  has  been 
adopted,  but  not  to  any  considerable  extent. 
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WATSB  POWEBS. 

At  Quebec,  power  is  obtained  at  the  Falls  of  Montmorenoy,  nine 
miles  distant,  to  drive  the  Thomson-Houston  aro  dynamos  and  Thom- 
son-Houston A.  C.  inoandesoence  machines. 

At  Peterboro,  water  power  is  used  to  drive  Thomson-Hoaston  aro 
dynamos,  from  which  137  aro  lights  and  a  number  of  Bernstein  incan- 
descent lamps  in  series  are  supplied.  At  Barrie,  Ont.,  a  stream  five 
miles  distant  from  the  town  furnishes  the  power  for  both  the  arc  and 
Brush  A.  G.  incandescence  plants. 

Also  in  Ottawa,  Cornwall,  Smith's  Falls,  St.  Catharines,  Welland, 
DunviUe,  Thorold,  Sault  Ste.  Marie,  Sherbrooke,  Joliette,  Yalleyfield, 
Almonte,  and  some  other  places,  for  both  factory  and  central  station 
lighting,  water  furnishes  the  motive  power,  the  total  H.  P.  from  tur- 
bines used  for  electric  lighting  and  power  transmission  in  the  IX)minion 
being  4520,  or  more  than  one  fifth  of  the  whole  power  utilized  for  this 
purpose. 

ATTACHMENT  OF  DYNAMOS. 

The  dynamos  are  not  coupled  direct  to  endues  in  any  of  the  Cana- 
dian stations.  Ordinary  double  leather  belting,  made  without  seams  or 
rivets,  is  generally  used.  In  a  few  cases  link  leather  belting  has  been 
tried,  but  the  results  have  so  far  justified  the  opinion  that  this  belting 
has  been  invented  chiefly  to  find  a  market  for  scrap  leather.  Belting 
should  not  be  overtaxed.  One  inch  width  of  double  leather  belting 
running  at  a  speed  of  750  feet  per  minute  will  easily  transmit  one 
horse  power,  and  at  this  tension  will  last  a  k)ng  time.  Some  dynamo 
manufuoturers,  in  order  to  impose  the  belief  that  their  machines  use  but 
little  power,  are  in  the  habit  of  providing  a  much  smaller  margin 
than  this  per  horse  power.  Thp  only  advantage,  of  whicb  the 
contractor  Eeoeives  nearly  the  whole  benefit,  b  that  the  first  cost  is 
decreased.  The  disadvantages,  which  affect  the  purchaser,  are  the 
necessary  excessive  tightness  of  the  belt,  and  the  consequent  heating  of 
journals,  rapid  wear  of  the  belt,  and  large  oil  consumption.  Rope 
driving  may  eventually  be  used  as  it  has  many  advantages,  but  so  far, 
with  one  exception  in  an  isolated  plant,  the  method  has  hitherto  not 
.been  tried  in  Canada. 

A&O  LIGHTING  SYSTEMS. 

iThe  arc  lighting  systems  in  use  in  Canada  are  the  Thomson-Houston, 
Ball,  Brush,  Seliance,  American  or  Fuller  Wood,  Hochhausea 
(Wright's  improved)  and  Weston.  The  large  majority  of  machines 
and  lamps  is  of  the  Thomson-Houston  and  Ball  systems. 
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In  tihe  Thomson-Hoaston,  ia  the  Brush  and  in  the  Fuller  Wood 
or  American  systems  a  current  of  9.6  amperes  is  used,  with  a 
pressure  varying  according  to  the  number  of  lamps  in  circuit.  In 
the  Ball  system  a  current  of  8  to  8^  amperes  has  been  the  standard, 
but  lately  that  company  have  supplied  several  plants  having  a  current 
of  only  four  amperes,  the  lamps  for  which  are  nominally  of  1,000 
candle  power  each.  In  the  Hochhausen-Wright  system,  a  current  of 
10  amperes  is  used.  In  the  Weston  system  the  current  is  about  18 
amperes,  and  the  P.  D.  between  the  terminals  of  each  lamp  25  volts. 
On  account  of  the  short  arc  and  the  consequent  hissing  the  Weston 
lamp  has  not  found  general  favour  in  this  country.  The  regulation  of 
the  Thomson-Houston  machine  is  excellent.  The  lamp  also  has  the 
merits  of  simplicity  of  construction  and  steadiness  in  running.  The 
feed  is  purely  gravitational  like  the  Brush  feed,  controlled  by  electro- 
magnetic action,  there  being  no  clock-work  or  gearing.  It  is  not, 
however,  quite  so  steady  as  some  dock-work  arc  lamps,  and  requires 
the  feed  rod  to  be  kept  very  clean  in  order  to  secure  the  proper 
working  of  the  clutch.  With  the  rack  and  pinion  lamps  this  point  is  not 
of  such  importance,  and  the  difference  in  the  running  of  the  two  kinds 
of  lamps  sometimes  observed  may,  to  some  extent,  be  due  to  the  cleaning 
of  the  clutch  lamp  rod  having  been  neglected. 

In  regard  to  the  rating  of  arc  lamps  some  change  seems  to  be  desirable. 
At  present  lamps  taking  48  volts  and  9.6  amperes,  lamps  of  the  same 
voltage  taking  10  amperes,  and  lamps  of  50  volts  and  8  amperes,  are  all 
compared  the  one  with  the  other,  and  each  is  called  2,000  candle  power, 
which  is  manifestly  absurd.  The  current  and  pressure,  or  watts  per 
lamp,  should  be  given  in  all  specifications,  tenders  and  contracts. 

STREET  WIRING  FOE  ABO  UGHTS. 

In  wiring  for  arc  plants,  as  is  generally  known,  one  wire  of  uniform 
section  is  carried  from  the  machine  to  the  lamps,  where  it  is  cut,  one 
end  being  placed  in  the  first  binding  post  and  the  other  in  the  second 
binding  post,  and  so  continued,  the  pressure  &lling  on  an  average  about 
48  volts  for  each  lamp  in  circuit,  where  the  lamps,  as  is  the  general  prac- 
tice on  this  continent,  are  always  run  in  series. 

For  lamps  of  2,000  nominal  candle  power  No.  6  and  for  lamps  of 
1,200  nominal  candle  power  No.  8  wire  American  gaug»},  is  used  for 
the  leads.  Up  to  within  the  past  two  years,  the  insulation  known 
as  *'  Underwriters  wire  "  was  used,  but  lately  this  has  given  place 
to  much  superior  quality.  Unfortunately,  there  is  still  room  for  im- 
provement even  on  the  best  which  has  yet  been  supplied  in  Canada. 
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SYSTSMS  OF  DISTBIBTmON  FOi^  INOANDBSOENOX  LIGHTING. 

Id  the  distribation  of  current  for  incandesoenoe  lighting  from  central 
stations  the  multiple  arc  two-wire  system  with  low  tension  continuous 
currents  was  first  used  during  1882  and  1883. 

In  private  installations  at  that  time  the  tree  system  of  wiring  was 
usually  followed,  and  it  has  not  yet  been  entirely  abandoned,  although 
used  in  very  few  installations  at  the  present  date.  In  one  station  in 
the  Maritime  Provinces  wired  on  this  principle,  the  pressure  varies  from 
125  volts  at  the  lamps  nearest  the  dynamo  to  110  volts  at  the  furthest 
pomt  of  distribution.  But  since  1884,  very  few  stations  indeed  and 
few  isolated  plants  of  more  than  moderate  size  have  been  constructed  on 
other  than  the  feeder  system. 

A  very  short  experience  of  distribution  on  the  multiple-arc  system 
proved  that  lights  singly  controlled  could  not  be  furnished  econo- 
mically by  it  at  a  greater  distance  from  the  centi*al  station  than  a 
quarter  of  a  mile  radius.  The  three-wire  system,  invented  by  Dr. 
John  Hopkinson,  and  elaborated  by  Mr.  Edison,  was  a  temporary  and 
partially  successful  solution  of  the  difficulty,  but  this  system,  although 
it  greatiy  reduced  the  quantity  of  copper  necessary,  only  increased  the 
radius  of  distribution  on  a  paying  basis  by  anotiier  quarter  of  a  mile, 
and,  while  satisfactory  for  tiiickly  populated  towns,  still  lefb  the  dis- 
tribution of  light  in  suburban  districts  or  openly  built  country  towns 
as  far  from  attainment  as  ever.  The  adoption  of  the  alternating 
current  system  of  distribution  solved  the  difficulty. 

The  method  of  regulation  first  employed  for  the  maintenance  of  equal 
pressure  at  the  ends  of  the  feeders  in  the  three-wire  system  consisted  of 
placing  adjustable  resistances  or  feeder  equalizers  in  each  circuit,  more 
or  less  resistance  being  inserted  by  hand,  according  to  the  indications  of 
the  pressure  indicators.  Where  the  frames  of  such  equalizers  were 
made  absolutely  fireproof,  such  a  system  of  regulations  in  small  stations 
having  only  three  or  four  sets  of  feeders  radiating  from  it  was  in  a 
measure  unobjectionable,  but  when  it  came  to  the  distribution  of  several 
hundreds,  perhaps  thousands,  of  amperes  of  current,  through  dozens  of 
sets  of  feeders,  the  loss  in  these  equalizers  became  a  serious  matter,  and 
perfect  regulation  was  difficult  of  attainment.  In  several  cases  also 
the  heating  of  the  equalizers  was  the  origin  of  fires  which  resulted  in 
the  burning  down  of  the  stations,  the  destruction  of  the  Edison  stations 
in  Boston  and  New  York  being  cases  in  point.  In  recent  practice  these 
equalizers  have  not  been  used,  but  a  method  of  interlacing  the  feeders  ap 
well  as  the  distributing  mains  has  been  adopted,  necessitating  a  somewhat 
larger  outiay  in  conductors,  but  not  involving,  as  in  the  other  case, 
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a  loss  of  energy  by  the  beating  of  useless  resistance.  With  this 
interlacing  the  pressure  at  the  lamps  is  much  more  nearly  constant  than 
under  the  old  method. 

At  the  price  of  labour  and  fuel  and  the  selling  prices  current  in  this 
country,  it  may  safely  be  said  that  the  economical  distribution  of 
light  or  power,  on  the  three-wire  system,  is  limited  to  half  a  mile 
radius  from  the  station  in  our  most  thickly  populated  towns.  In  both 
the  United  States  and  Canada,  distribution  by  this  system  has  been 
carried  out  on  a  much  wider  area  for  a  limited  number  of  lights  and 
under  special  circumstances ;  but  it  is  doubtful  if  there  is  a  single  city  in 
Canada  which  will  return  any  dividend  on  the  necessary  investment  to 
a  company  placing  low  tension  wires  carrying  a  pressure  of  even  300 
volts  underground,  and  there  are  not  more  than  six  cities  in  the  whole 
Dominion  which  will  yield  any  return  on  this  system  with  overhead  wires, 
unless  the  charges  for  electric  lights  be  at  least  50  per  cent,  more  than 
the  current  prices  for  gas. 

ALTBBNATING  OUERENT  DISTRIBUTION. 

In  the  method  ofdistribntion  by  high  tension  alternating  currents,  the 
converters,  indicated  by  Fig.  1,  are  placed  in  parallel  circuit.  As  shown, 


PRIt^ARY 


DVNAMO 


f-r=-i\       r^ 

A 

>  < 
J                 A 

^^^ 

SECGHDARV 


U^MP 


CONVCf^TF.U 


(Fig.  1.) 

the  high  tension  current  from  the  dynamo  does  not  enter  the  premises  of 
the  consumer  but  merely  passes  through  the  fine  wire  in  alternately 
opposite  directions,  and  generates,  by  induction,  a  low  tension  current 
in  the  secondary  or  thick  wire  of  the  converter  or  transformer,  which 
induced  current  is  carried  into  the  houses  and  through  the  lamps. 

There  are  at  present  no  alternating  current  motors  in  use  develc^ing 
large  powers,  but  probably  before  many  months  have  elapsed  machines  will 
be  supplied  which  will  convert  the  electrical  energy  of  alternating  current 
into  power  with  high  efficiency.  Gtinz  &  Co.,  of  Buda  Pesth,  have  indeed 
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nearly  completed  a  station  firom  which  to  distribote  power  by  A.  C. 
motors,  and  the  Westinghoase  Oompany  are  just  completing  a  contract  for 
A.  0.  motors  for  mine  working.  It  is  also  the  case  that  the  A.  C.  system 
will  not  easily  lend  itself  to  the  charging  of  storage  batteries,  without 
a  complication  of  commatators  and  other  apparatus  ]  bat  there  does 
not  appear  to  be  any  demand  for  the  charging  of  storage  batteries  except 
what  can  be  supplied  from  continuous  current  stations  or  isolated  plants 
now  n  operation,  or  for  which  special  dynamos  would  not  be  best  use 
separate  and  distinct  from  any  other  circuit. 

AaO  LIGHTINa  DYNAMOS. 

Brush  Arc  Lighting  Dynamo  (^Fig,  2). 

This  machine  was  first  made  with  both  armature  and  field  cores  of 
cast  iron ;  but  for  some  years  past  the  armature  has  been  built  up  of 
laminated  hoop  iron  of  good  quality,  a  simple  modification  which  has 
raised  the  efficiency  greatly,  enabling  the  output  to  be  increased  50 
per  cent,  while  running  at  the  same  speed  as  formerly.  Upon  the  ring  so 
formed  the  copper  coils  are  wound.  The  18-light  machine  weighs  1500 
lbs.,  the  30-light  machine  2500  lbs.,  and  the  65-light  machine  4800  lbs. 
complete.  The  P.  D.  at  lamp  terminals  is  the  same  as  in  the  Thomson- 
Houston  system,  48  volts,  and  the  current  is  9.6  amperes.  The  output 
of  the  first  twosiies  is  5.53  watts  per  lb.  gross  weight,  and  is  6.2  watts 
per  lb.  gross  weight  for  the  large  machine.  The  respective  speeds 
at  full  load  are  1050,  950  and  805  revolutions  per  minute.  In  the  65 
light  machine  the  copper  wire  on  the  armature  weighs  1340  lbs.  and 
on  the  fields  1264  lbs.,  so  that  the  output  is  11.5  watts  per  lb.  of  the 
total  weight  of  copper  wire  on  the  machine^  and  22.35  watts  per  lb. 
of  the  copper  wire  on  the  armature. 

Thonuon-HauMton  Are  Dynamo  (Fig.  3). 

In  the  Thomson-Houston  dynamo  the  field  is  composed  of  two  mas- 
sive iron  castings  upon  which  the  magnetising  coils  of  copper  wire  are 
wound,  and  these  castings  are  of  such  shape  that  they  nearly  completely 
encircle  the  armature,  being  fastened  together  over  it  by  wrought-iron 
bolts,  which  form  the  yoke  or  keeper.  The  armature  core  is  a  spheroid 
built  up  of  soft  iron  wire.  Upon  this  core  three  coils  of  copper  wire  are 
wound,  these  being  connected  together  at  their  inner  ends,  their  outer 
ends  being  carried  out  and  fastened  to  a  three  segment  commutator. 
The  regulation  of  the  current,  which  in  all  arc  lighting  machines  should 
be  maintained  constant,  is  performed  by  an  electro  magnet  which 
shifls  the  position  of  the  brushes  on  the  commutator^  as  ftilly  described 
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in  Silvanns  Thompson's  ''  Dynamo  Electric  Machinery."  The  mag- 
netism of  this  machine  leaks  oatwardly  to  a  considerable  degree,  which, 
of  conrse,  is  a  bad  fault.  There  is  also  the  objection  to  the  form,  that  it  is 
necessary,  in  case  of  breakdown  of  the  armature,  to  dismantle  the  whole 
of  the  machine  before  the  armature  can  be  removed,  and  that  that  being 
done,  should  a  coil  be  burned  out  it  is  necessary  to  completely  rewind 
the  armature — in  itself  the  work  of  several  weeks. 

The  nominal  50-light  Thomson-Houston  machine  will  run  60  arc  kmpe 
of  2000  nominal  candle  power  on  a  short  circuit  of  wire ;  and  speeded 
at  850  revolutions  per  minute,  has  a  working  E.  M.  F.  of  2700  volts 
with  a  current  of  9.6.  amperes.  Its  total  weight  is  6200  lbs.  The 
iron  in  the  armature  weighs  340  lbs.,  and  the  two  cast-iron  field  cores 
weigh  2710  lbs.  The  weight  of  copper  wire  on  the  armature  is  378 
lbs.  and  on  the  fields  820  lbs.  The  output  is  4.18  watts  per  lb.  of  gross 
weight;  21.6  watts  per  lb.  of  copper  wire  on  the  machine;  and  76.25 
watts  per  lb.  of  armature  wire. 


Ball  Arc  Dynamo  {Fig,  4). 

The  Ball  arc  light  dynamo  has  a  Gramme  ring  armature,  or 
rather  two  armatures,  running  between  blocks  peculiarly  placed  one 
above  one  armature  and  the  other  under  the  other  armature,  and  it  has 
wrought-iron  fields  and  pole  pieces :  in  fact  the  whole  machine  frame  is 
made  of  wrought-iron.  It  weighs  much  less  therefore  than  other  ma- 
chines in  which  cast-iron  is  used,  the  25-light  machine  weighing  990  lbs 
while  the  35-light  machine  weighs  1180  lbs.  complete.  The  current 
is  8i  amperes,  and  the  voltage  per  lamp  48.  The  output  is  10.3 
watts  per  lb.  gross  weight  of  the  first  machine  and  11.97  watts  per  lb. 
of  the  35-light  machine.    The  weight  of  copper  wire  on  the  armatures 
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of  the  35-light  dynamo  (there  beiog  two  in  eaob  machine)  is  102  Ihs., 
and  on  the  fields  150  lbs.  The  ontpat  is  thns  56.6  watts  per  lb.  of  cop- 
per on  the  machine  and  140  watts  per  lb.  of  copper  wire  on  the  armatare. 
The  speed  of  the  two  machines  mentioned  is  1365  and  1275  tevo- 
lutions  per  minute  respectiyelj.  The  resistance  of  the  field  winding 
of  the  35-light  machine  is  13  ohms,  and  of  the  winding  of  the  two 
armatures  15  ohms. 

The  Ball  Co.  have  recently  made  a  machine  intended  for  80  arc 
lamps,  of  which  the  following  are  some  of  the  particulars  :  Weight  of  the 
machine  complete  3200  lbs. ;  current  10  amperes ;  £.  M.  F.  3750  volts ; 
speed  940  revolutions  per  minute  \  wire  on  field  362  lbs.  No.  10  ;  on 
armatures  222  lbs.  No.  15  B.  &  S.  gauge;  iron  in  each  armature  core 
137^  lbs.  The  output  of  this  machine  is  11.66  watts  per  lb.  gross 
weight :  63.21  watts  per  lb.  of  copper  wire  on  the  machine,  and  168.83 
watts  per  lb.  of  copper  wire  on  the  armature. 

Tonmto  Arc  Dynamo, 

The  machines  made  by  the  Toronto  Electric  Light  Company  for  use 
in  their  own  station  are  of  the  Hochbausen  type,  modified  and  improved 
by  Mr.  J.  J.  Wright,  the  company's  electrician  and  manager.  The 
company  do  not  manufacture  machines  for  sale,  but  make  all  their 
own  arc  light  dynamos.  Their  standard  type  is  a  40-light  machine 
10  ampere  current,  average  P.D.  at  binding  posts  of  lamps  48  volts. 
The  field  is  laid  horizontally,  being,  it  may  be  said,  a  Hochhausen 
machine  laid  on  its  side.  The  field  cores  are  of  wrought-iron^  the  frame 
and  pole  pieces  of  cast-iron.  The  cast-iron  weighs  1200  lbs.  in  each 
machine.  The  field  winding  consists  of  700  lbs.  of  No.  9  copper  wire, 
and  on  the  armature  there  are  180  lbs.  of  wire.  The  armatures 
are  sectional,  the  coils  being  wound  separately  on  moulds.  Each 
armature  has  18  coils  with  Oramme  connections.  The  commutator 
consists  of  18  segments,  and  is  mounted  on  slate  with  an  air  space 
between  the  sections.  The  weight  of  the  completed  machine  being 
2400  lbs.,  the  output  is  at  the  rate  of  8  watts  per  lb.  gross  weight ;  21.8 
watts  per  lb.  of  wire  on  the  dynamo,  and  106.6  watts  per  lb.  of  the 
copper  wire  on  the  armature.  Mr.  Wright  in  a  communication  on  the 
subject  sarcastically  states :  *'  Unlike  all  other  systems  our  armature 
'^  coils  sometimes  bum  out,  and  I  have  adopted  the  sectional  style  to 
'^  facilitate  repairs.  The  power  required  I  have  not  accurately  deter- 
^'  mined,  but  it  is  nearly  f  horse  power  per  light — ^rather  over  than 
'*  imder — when  working  to  full  current  and  voltage.  I  adopt  a  few  coils 
''  on  armature  rather  than  many,  for  while  the  spark  at  brushes  is 
*'  larger,  the  increased  simplicity  of  all  parts  more  than  compensates." 
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WetHngTiouse  A.  C.  Arc  Dynamo, 

This  dynamo,  recently  put  upon  the  market,  embodies  sereral  noyel 
features.  The  frame  of  the  60-light  arc  machme  is  cast  o£F  the  same 
patterns  as  the  ordinary  750-Iight  Westinghoose  incandescence  dynamo ; 
and  the  only  difference  in  the  field  windings  is  that  the  iron  cores  pro- 
ject through  the  coils  to  a  greater  extent  than  in  the  incandescent  ma- 
chine, the  coils  being  shorter.  The  principal  feature  of  the  machine  is 
the  armature  winding,  which  is  almost  entirely  enveloped  by  the  lami- 
nated iron  discs  forming  the  core,  and  is  connected  to  two  collecting 
collars  as  in  the  Westicghouse  incandescence  machines.  The  speed 
is  600  reyolutions  per  minute,  the  periodicity  being  60  cycles. 

The  lamp  has  two  laminated  wire  cores,  somewhat  similar  to  the 
core  of  the  Westinghouse  ammeter,  hung  on  a  swinging  arm,  one  of 
which  plunges  into  the  coarse  wire  series  coil  and  the  other  into 
the  fine  wire  shunt  coil.  One  carbon  rod  only  is  used,  and  the 
carbon  itself  is  about  2\"  wide  by  ^^"  thick.  The  lamp  runs  for  42 
hours  with  one  set  of  carbons.  The  P.  D.  at  lamp  terminals  is  50  yolts 
and  the  current  10  amperes.  For  lamps  for  inside  use  a  conyerter  is 
attached  to  the  high-pressure  street  wires  which  transforms  the  cur- 
rent to  50  yolts  and  10  amperes,  so  that  50  volts  is  the  maximum 
pressure  entering  a  building.  With  the  60-light  machme  the 
lamps  when  required  for  street  lighting  only,  may  be  run  in  series 
without  the  use  of  these  converters.  In  the  125-light  machine  the  cur- 
rent is  30  amperes  and  the  total  E  .M.  F.  2100  volts,  and,  with  thissize^ 
converters  are  used  for  all  the  lamps  (whether  tor  street  or  interior 
lighting),  which  raise  the  voltage  from  17  volts  per  lamp  to  50  and 
reduce  the  current  from  30  to  10  amperes.  These  are  made  to 
carry  one,  three,  or  five  lights  each. 

The  machines  are  started  upon  short  circuit,  and  when  fully  excited 
a  switch  is  opened  and  the  lamps  thereby  thrown  into  circuit.  Durmg 
a  recent  visit  of  the  author's  to  one  of  the  Westinghouse  stations  with  a 
sensitive  ampere  meter  attached,  the  total  change  in  the  current  when 
the  lamps  were  thus  placed  in  circuit  was  less  than  two  amperes,  and 
this  was  only  temporary.  Provision  is  made  by  attachments  on  the  dyna- 
mo and  on  the  wires  in  the  station  to  prevent  the  opening  of  the  circuit. 

LOW  TENSION  IN0ANDE8CEN0E  DYNAMOS. 

The  Edison  Dynamo  (Fig,  5). 

The  type  of  low  tension  machines  which  has  found  most  favour  on 
this  continent  is  the  Edison  as  modified  and  improved  by  Dr.  Hopkins 
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Fig.  6. 
EDISON  COMPOUND-WOUND  DYNAMO. 
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son,  and  Airtber  perfected  at  the  Edison  Machine  Works.  Between 
the  machines  made  by  the  Edison  Co.  in  America  and  the  Edison- 
Hopkinson  machine  made  by  Mather  &  Piatt  of  Manchester  there 
is  this  difference :  the  field  cores  of  the  Edison  machine  are  made 
cylindrical  and  the  armature  core  is  still  bailt  np  of  iron  discs  bolted 
together ;  while  the  Edison  Hopkinson  machine  has  field  cores,  the  sec- 
tion of  which  is  a  square  between  two  half  circles,  and  the  armature 
discs  are  held  together  by  nuts  at  each  end  of  the  core  screwed  on  the 
shaft,  thus  giving  the  core  a  greater  sectional  area. 

The  EdisoD  machines  known  as  Nos.  10, 12  and  16  will  serve  to  illus- 
trate the  general  construction  of  Edison  dynamos,  and  their  relative  pro- 
portioDS  and  weights.  The  No.  10  machine  is  made  for  an  E.  M.  F.  of 
125  volte  and  a  current  of  200  amperes,  but  is  hardly  ever  run  at 
more  than  200  amperes  and  110  volts  except  for  central  station 
work.  The  total  weight  of  this,  the  best  running  of  all  the  Edison 
dynamos,  is  3570  lbs.  The  two  cast-iron  field  blocks  weigh  600  lbs. 
The  field  cores  which,  as  in  all  Edison  machines,  are  of  wrought-iron, 
are  each  10^'^  diameter  by  16^  lon^,  and  are  connected  by  a 
massive  wrought-iron  keeper  10^"  wide  by  8"  deep  by  264"  l<^Dg» 
The  field  cores  are  wound  with  220  lbs.  of  copper  wire — 110  lbs.  on 
each  limb.  The  wrought-iron  in  the  armature  weighs  220  lbs.,  the  dimen- 
sions of  the  armature  shell  before  winding  are  8f  diameter  by  16^''  long, 
and  the  winding  is  tk  modified  Siemens,  taking  60  lbs.  nett  weight  of 
copper  wire.  The  diameter  of  the  completed  armature  outside  the 
bands  is  9^  ''  and  the  bore  of  the  fields  being  9  \\'\  there  is  a 
clearance  of  ^"  all  round.  The  speed  of  the  machine  is  1300  revo- 
lutions per  minute.  The  resistance  of  the  shunt  coils  is  37  ohms, 
and  of  the  armature  about  .017  ohm  cold,  the  shunt  being  thus  about 
2200  times  the  resistance  of  the  armature.  The  output  of  this  machine 
at  110  volts  and  200  amperes  is  6.13  watts  per  lb.  gross  weight,  77 
watts  per  lb.  of  copper  wire  on  the  machine,  and  333  watts  per  lb.  of 
wire  on  the  armature.     There  are  66  bars  in  the  commutator. 

The  next  two  sizes  will  serve  as  a  basis  of  comparison  with  the  Royal 
Electric  Oo.'s  Thomson  incandescence  machine  and  the  two  Brush 
incandescence  machines,  of  which  the  particulars  are  hereafter  given. 

The  weights  and  dimensions  of  the  No.  12  Edison  dynamo  are  as 
follows : — complete  machine  4340  lbs. ;  the  cast-iron  field  blocks  weigh 
800  lbs.— 400  lbs.  each.  The  field  cores  are  20f'  long  by  11|'' 
diameter.  The  keeper  ie  27^' long,  ll^*"  wide  and  8^^"  deep.  The  arma- 
ture core  is  9^"  diameter,  and  18^'^  long.  When  wound  the  arma- 
ture is  lOH''  diameter  over  bands,   and  the  bore  of  the  fields  is 
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11^,  the  clearance  being  ^'^  248  lbs.  ofwire  are  wound  on  the  fields, 
and  84  lbs.  of  wire  on  the  armature.  The  resistance  of  the  shunt 
is  28.5  ohms  and  the  resistance  of  the  armature  .011  ohm,  the  ratios 
being  as  2600  to  1.  At  110  volts  and  240  amperes  the  output  per  lb. 
gross  weight  is  6.08  watts ;  for  each  lb.  of  copper  on  the  machine  it  is 
79.5  watts,  and  for  each  lb.  of  copper  on  the  armature  314.3  watts. 
The  speed  is  1200  revolutions,  and  there  are  58  segments  in  the 
commutator. 

The  No.  16  machine  made  for  a  current  of  320  amperes  weighs  6800 
lbs.  The  field  cores  are  12|''  in  diameter  by  23}^'  in  length.  The 
keeper  is  12}''  wide  x  10"  deep  by  32^''  long.  The  two  cast-iron  pole 
pieces  weigh  about  600  lbs.  each,  and  are  28^  inches  in  length,  parallel 
with  the  shaft.  The  bore  of  fields  is  12/^''  diameter  ;  the 
armature  core  is  ll^V'  diameter  by  20^'^  long,  and  when  wound 
the  finished  armature  is  12^''  over  the  bands,  the  clearance  being  thus 
■fj'  all  round.  The  weight  of  iron  in  the  armature  core  is  about 
400  lbs.,  the  number  of  commutator  s^rments  is  52,  and  the  speed  is 
1000  revolutions  per  minute.  Each  field  limb  is  wound  with  160  lbs. 
of  copper  wire — 320  lbs.  on  both.  The  armature  is  wound  with  133 
lbs.  of  copper  wire,  one-third  the  weight  of  the  iron  disc  core.  The 
resistance  of  the  shunt  is  22.7  ohms,  cold,  and  of  the  armature  between 
opposite  bars  .009  ohm,  the  ratios  being  as  2500  to  1.  As  a  shunt 
wound  machine  run  at  110  volts  and  320  amperes  the  output  is  5.18 
watts  per  lb.  gross  weight :  77.7  watts  per  lb.  total  copper  wire,  and 
264.66  watts  per  lb.  of  wire  on  the  armature.  When  compound 
wound  the  series  winding  of  this  machine  is  composed  of  10  wires  in 
parallel,  makmg  5  complete  spirals  round  each  limb  outside  the  shunt 
winding.    Its  resistance  is  .001  ohm. 

The  armature  cores  in  all  the  Edison  machines  are  built  up  of  the 
softest  disc  iron  .006''  thick,  separated  by  thin  manilla  paper,  and 
every  fifth  disc  is  more  widely  separated  from  the  next  by  several  thick- 
nesses of  the  same  paper.  In  the  three  machines  above  mentioned 
there  are  two  layers  of  wire  on  the  armature,  of  which  each  section  is 
wound  once  around  the  core. 

Brush  low  tennan  Incandescence  Machines  (Fig.  6). 

The  Brush  incandescence  machines  are  much  lighter  than  the  Edison 
for  the  same  output.  The  new  type  which  is  being  put  upon  the 
market  has  dosed  Gramme  rmg  armatures  connected  to  60  segments  in 
the  commutator,  the  old  type  of  machine,  with  only  eight  armature  seg- 
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Fig.  7 
THOMSON-HOUSTON  INCASDBSCBNCE  DYNAMO. 
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ments,  as  in  the  arc  light  machine,  haying  heen  recently  abandoned. 
Of  this  new  type  of  machine  parrionlars  have  not  yet  been  given.  The 
old  250  ampere  machine  weighs  2300  lbs  ;  the  weight  of  iron  in  the 
armature,  which  is  composed  of  laminated  hoop  iron,  is  178  lbs.,  and 
the  weight  of  iron  in  the  fields  is  400  lbs.,  the  weight  of  copper  on  the 
armature  is  148  lbs.,  shunt  360  lbs.  and  series  coil  346  lbs.  The  gross 
weight  of  the  360  ampere  machine  is  3200  lbs ;  the  weight  of  iron  in 
the  armature  is  258  lbs.  and  the  weight  of  copper  is  1 84  lbs :  on  the 
fields  there  are  444  lbs.  of  copper  in  the  shunt  and  460  lbs,  in  the  series 
coils.  The  output  of  the  250  ampere  105  volt  machine  is  11.4  watts  per 
lb.  gross  weight :  30.73  watts  per  lb.  of  the  total  copper  wire,  and  177.36 
watts  per  lb.  of  wire  on  the  armature.  For  the  360  ampere  105  volt 
machine  these  figures  are  11.81  watts  per  lb.  gross  weiglit;  41.81 
watts  per  lb.  of  copper  on  machine,  and  205.43  watts  per  lb.  of 
copper  on  the  armature.  Tne  speeds  are  1200  revolutions  and  1100 
revolutions  per  minute  respectively. 

The  largest  Brush  machine,  first  made  for  theCowles  Smelting  Co. 
of  Lockport,  N.  T.,  is  equally  adapted  for  the  smelting  of  aluminum  or 
the  production  of  current  for  incandescent  lights.  Its  capacity  is  3200 
amperes  at  86  volts.  It  has  5424  lbs.  of  copper  on  the  fields  and  1600 
lbs.  of  iron  and  825  lbs.  of  copper  in  the  armature.  The  total  weight 
of  the  machine  is  22,000  lbs.,  and  the  output  12.51  watts  per  lb.  gross 
weight ;  44  watts  per  lb.  of  the  total  copper  wire,  and  332  watts  per  lb&« 
of  wire  on  the  armature. 

Thomson  Incandescence  Dynamo  (Fig.  7). 

This  incandescence  machine,  which  is  made  in  Canada  by  the  Royal 
Electric  Co.,  is  very  similar  to  an  inverted  Edison  dynamo.  The 
wrought  iron  keeper  is  dispensed  with,  the  bed  casting  forming  the 
yoke  between  the  field  cores.  The  armature  is  built  up  in  the  same 
manner  as  in  the  Edison  machine,  of  wrought-iron  discs,  but  thicker, 
and  instead  of  paper  insulation  between  them,  vulcanized  fibre  is  used. 
The  250  ampere  110  volt  Thomson  machine  weighs  5260  lbs.  complete. 
The  armature  core  is  14^'  long  by  11^'  diameter,  and  is  wound  with 
130|  lbs.  of  No.  4  wire  to  122*  diameter  over  the  bands.'  The  bore  of 
the  fields  is  13',  thus  allowing  a  clearance  of  ^''  all  round  the  armature. 
There  are  76  segments  in  the  commutator.  The  field  cores,  which 
are  of  wrought  iron,  are  lOf*  diameter  by  122"  long,  and  are  wound 
with  120^1bs.  of  No.  15  wire,  and  the  series  coil  of  four  No,  8  wires  weighs 
62  lbs.     The  speed  of  the  machine  is  1300  reyolutions  per  minute. 
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WESTING  HOUSE  A.  C.  DYNAMO. 
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The  output  is,  therefore,  at  full  load  5.23  watts  per  lb.  gross  weight ; 
87.79  wutts  per  lb.  of  copper  wire  on  the  machine  and  210.3  watts  per 
lb.  of  wire  on  the  armature.  One  peculiarity  of  this  machine  is  the 
manner  in  which  the  series  coils  are  wound  over  the  armature  itself  and 
not  over  the  field  limbs  as  in  other  dynamos.  The  regulation  of  the 
machine  is  not  perfect,  but  is  fully  equal  to  that  of  the  compound- 
wound  Edison  dynamos. 

ALTXBNATINQ  OUBBSNT  DTNAMO  MACQBIINES. 

Westinghouse  Dtfnamo  (Fig,  8). 

In  a  description  of  alternating  current  apparatus,  the  first  place  is 
due  to  the  Westinghouse  Electric  Co.,  of  Pittsburgh,  organized  in  1886, 
the  pioneers  on  this  continent  in  the  supply  of  the  A.  C.  system  of 
distribution  of  electricity. 

The  Westinghouse  1500-light  machine  weighs  9750  lbs.  complete. 
The  armature,  which  is  built  up  of  laminated  discs  of  soft  iron,  is  in 
the  form  of  a  hollow  cylinder,  20f'  in  diameter  and  21'  long,  and 
weighs  1440  lbs.  It  is  wound  with  30  lbs.  of  No.  10^  B.  &  S.  gauge 
wire,  and  its  weight  complete  is  1600  lbs.,  including  the  shaft.  The 
total  weight  of  the  castings  in  the  field  and  bed  plate  is  6838 
lbs.  The  wei<£ht  of  copper  wire  on  the  field  bobbins,  which  are  twelve 
in  number,  is  1257  lbs.  The  ourrent  from  the  machine  at  full  load  is 
75  amperes,  and  the  pressure  1050  volts.  The  output  is  thus  7.7 
watts  per  lb.  of  gross  weight :  58.27  watts  per  lb.  of  copper  wire  on 
the  machine,  2500  watts  per  lb.  of  wire  on  the  armature.  The  speed 
of  the  machine  is  1375  revolutions  per  minute,  and  the  periodicity  136. « 
The  exciting  current  is  14  amperes  at  110  volts  pressure,  equivalent  to 
1540  watts,  or  nearly  2  E.  H.  P. 

Brush  A.  C.  Dynamo  (Figs,  9  and  10). 

This  dynamo  and  the  other  details  of  the  Brush  Company's  alternat- 
ing current  system  are  the  invention  of  Mr.  Gustavo  Pfannkuche,  who, 
as  will  be  observed,  has  made  a  radical  departure  from  the  usual  con- 
struction of  dynamos  and  converters  hitherto  adopted  in  this  country, 
and  obtained  results  in  point  of  efficiency  and  general  excellence  of 
design,  not  surpassed,  if  equalled,  in  any  other  system. 

The  machine  shown  in  the  engravings  is  the  1000-light  alternator. 
Like  all  the  Brush  A.  C.  dynamos^  it  is  intended  to  be  run  at  from 
2000  to  2200  volts.  This  machine  delivering  30  amperes  at 
that  pressure  runs  at  1100  revolutions  per  minute  at  full  load,  at 
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Fig.  10. 
ARMATURE  OF  BRUSH  A.  C.  DYNAMO. 


Electricity  for  Lighi  cmd  Pov>er. 


207 


Fig.  11. 
EOTAL  ELECTEIO  CO.S  A.  C.  DYNAMO. 
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wliicli  it  takes  100  B.  P.  to  drive  the  alternator  and  exciter.  The 
exciting  current  of  22  amperes  and  135  yolts  is  sapplied  by  a  small 
Brash  arc  light  dynamo.  The  r^nlation  is  effected  by  sending 
part  of  the  current  from  the  exciting  dynamo  through  a  shunt  box  of 
varying  resistance  operated  by  hand.  Very  little  r^alation,  however, 
is  required,  as  the  machine  is  nearly  self  regulating  from  no  load  to  max- 
imam  load.  The  armature  (Fig.  10)  is  stationary  and  the  fields  revolve, 
this  being  the  only  A.  C.  machine  in  America  so  constructed.  Such  a 
construction  has  many  advantages :  in  the  first  place  the  revolving  part 
has  only  a  low  tension  current  passing  through  its  coils,  and  being  heavy 
and  perfectly  balanced  acts  as  a  fiy  wheel  and  r^ulator  when 
from  any  cause  there  is  a  tendency  in  the  prime  motor  to  slacken  speed. 
The  wires  from  the  switchboards  are  permanently  attached  to  the  ends 
of  two  coils  of  the  armature.  The  armature  coils  are  light  and  inde- 
pendently bolted  to  the  ring  which  holds  them  in  position  between  the 
field  bobbins.  Should  an  accident  happen  to  one  of  the  armature 
sections,  the  latter  may  be  replaced  in  five  minutes  by  one  man,  the 
weight  being  only  a  little  over  20  lbs.  The  armature  core 
is  composed  of  fibre  b  segments  on  which  are  wound  copper  ribbons 
insulated  by  silk  and  shellac.  The  total  weight  of  the  armature  ribbon 
is  63  lbs.,  and  of  the  complete  machine  5120  lbs. 

There  are  12  cores  of  alternating  polarity  on  each  side  of  the  field 
wound  with  618  lbs.  of  copper  wire.  These  cores  are  of  wrought- 
iron  bolted  to  two  iron  plates,  and  the  weight  of  the  twelve  is 
456  lbs.  The  output  of  the  machme,  60,000  watts,  is  at  the 
rate  of  11.71  watte  per  lb.  gross  weight:  88.1  watts  per  lb.  of  the 
total  copper  on  armature  and  cores,  and  over  952  watte  per  lb.  of  the 
copper  ribbon  on  the  armature. 

The  Royal  Electric  Co: 9  Dynamo  (Fig,  11). 

Sometimes  the  machines  of  the  Boyal  Electric  Co.  for  A.  C.  work 
are  made  with  the  exciter  on  the  same  shaft  as  shown  in  the  cut,  bat 
more  frequently  the  exciter  is  separate.  In  the  1200-light  dynamo 
with  separate  exciter,  the  active  iron  in  the  fields  weighs  about  3400 
lbs.,  and  the  iron  rings  of  the  armature  (which  b  a  hollow  cylinder 
built  up  of  laminated  wrought  iron)  weigh  1250  lbs.  The  radial 
depth  of  these  rings  is  b'\  When  turned  up  ready  for  winding  the 
armature  is  24f  diameter  and  18}''  long.  The  diameter  when  wound 
is  25}''  over  the  bands,  and,  as  the  internal  diameter  of  the  field  bobbins 
is  25}'',  there  is  a  clearance  of  full  f^  "  all  round.  The  fields  are  wound 
with  845  lbs.  of  No.  8  B.  &  S.  gauge  wire ;  the  armature  winding  con* 
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dsts  of  32  lbs.  of  No.  11  B.  &  S.  gauge  wire.  The  speed  of  the  machine 
is  1200  revolutious  per  minute,  and  the  exciting  current  at  full  load 
is  24  amperes  and  90  volts — say  2160  watts  or  nearly  3  E.  H.  P.  The 
standard  output  of  the  machine  is  70  amperes  and  1020  volts,  or  7.5 
watts  per  lb.  gross  weight :  81.41  watts  per  lb.  of  the  total  copper  wire 
and  2231  watts  per  lb.  of  the  wire  on  the  armature. 

RATE  OF    ALTERNATION   OR  PERIODICITY. 

In  the  Brush  dynamo  the  periodicity  is  110,  while  in  the  Fort 
Wayne,  Westinghouse  and  Thomson- Houston  machines  the  periodicity 
is  from  125  to  136. 

The  European  practice  as  to  the  rate  shows  considerable  variation 
Messrs.  Ganz  &  Co.,  of  Buda  Pesth,  in  the  Zipernowsky  system  use  42 
cycles;  Mr.  Ferranti  uses  68;  Lowrie- Parker  work  their  machines 
at  80;  and  Mr.  Mordey  runs  his  at  100. 

CONVERTERS. 

Westinghouie  Converter  (^Figi,  12  and  13). 

The  Westinghouse  converter  is  of  the  shell  type.  In  the  40-light  con- 
verter, the  core  is  built  up  of  plates  .017  inch  thick,  of  which  the  total 
weight  is  81  lbs.  The  primary  winding  of  No.  16  wire  weighs  lOJ  lbs., 
4ind  the  secondary  wire  is  No.  3  gauge,  13^  lbs.  in  weight  At  50  volts 
and  40  amperes  this  converter  gives  an  output  of  19.09  watts  per  lb.  of 
active  material.  The  P.  D.  required  between  primary  terminals  is  1000 
volts,  developing  an  E.  M.  F.  of  50  volts  at  the  terminals  of  the  seoon- 
dary  coil. 

Recent  tests  by  Dr.  Louis  Duncan,  of  John  Hopkins  University, 
show  95  per  cent,  efficiency  in  a  40-light  converter  at  full  load,  and 
only  84  watts  loss  with  no  load,  and  90,  87.6,  83.3,  and  70.7  per  cent, 
efficiency  in  a  20  light  converter  at  full,  three-quarter,  half  and  quartsr 
loads  respectively. 

Brtuh  Converter  (Figs.  14  and  16). 

The  Brush  converters  are  of  the  core  pattern,  with  the  exception 
■of  the  two  of  smallest  size.  The  iron  wire  in  the  core  of  the  60  light 
<3onverter  weighs  92  lbs.,  the  primary  wire  weighs  20  lbs.,  and  the  second- 
ary winding  11  lbs.  At  1 00  volts  and  30  ampere  its  output  is  thus  24.39 
watts  per  lb.  of  active  material .  The  case  weighs  100  lbs.  The  75-)ight 
4X>nverter  core  of  iron  wire  weighs  115  lbs.,  primary  winding  of  copper 
wire  21  lbs.,  and  secondary  winding  15  lbs.    At  100  volts  and  45  am- 
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Fig.  13. 
WESTINGHODSE  CONVERTER  IN  CASE. 
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Fig  14. 

20  LIGHT  BRUSH  CONVERTER  IN 
CASE. 


Fig.  15. 
LARGE  SIZE  BRUSH  CONVERTER  (Ciise  removed). 
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peres  the  oatpat  is  29.8  watts  per  lb.  of  aotive  material.  The  case  weighs 
110  lbs.  These  converters  are  made  in  standard  sises  of  5,  10,  20,  30, 
40,  50,  75, 125,  250  lights  and  up  to  1000  lights  capacity.  They  are 
also  made  for  primary  circuits  of  1000  volts  pressure  with  a  ratio  of 
conversion  of  10  to  1  or  20  to  1.  The  core  consists  of  the  finest  Swedish 
iron  wire,  insulated  by  cotton  winding  or  braiding  wound  into  an  octa- 
gon form,  by  having  pieces  of  wood  placed  under  and  through  the  coils, 
AS  shown.  The  secondary  wires  are  then  wound  over  the  sections  be- 
tween the  wood  blocks  with  insulated  pads  between  them  and  the  iron 
wire  at  the  comers.  Over  the  corners  of  the  secondary  winding  are 
placed  other  insulating  pads,  over  which  are  then  wound  the  fine  pri- 
mary wires.  There  is  thus  an  air  space  for  insulation  all  round  the 
different  coils  except  at  the  comers  where  the  wires  lie  on  the  insulating 
pads.  The  efficiency  of  a  75-light  converter  varies  from  98  per  cent, 
with  76  lights  attached,  to  93  per  cent.,  with  38  lights. 

THOMSON  OONVSRTSR. 

The  Thomson  converter,  manufactured  by  the  Boyal  Electric  Com- 
pany in  thiB  city,  is  similar  in  construction  to  the  Westinghouse.  The 
following  are  the  particulars  of  the  30-light  size  :  Iron  discs,  108  lbs. 
primary  wire,  920  feet  No.  1^  B.  &  S.  gauge,  4|  lbs. ;  secondary  wire, 
44  feet  No.  8  B.  &  S.  gauge,  two  in  parallel,  4  lbs. ;  total  aotive  material, 
116f  lbs.  with  an  output  of  13.20  watts  per  lb. ;  case,  59^  lbs. ;  weight 
•complete,  176  lbs. 

METERS. 

Edison  Meter  (Figs,  16  and  17). 

In  the  Edison  system  of  distribution  an  electrolytic  meter  has  been 
employed.  A  disadvantage  connected  with  its  use  is  that  nobody  except 
an  employee  of  the  company  can  find  out  what  the  meter  has 
registered,  and  even  he  has  to  take  every  precaution  in  the 
washing  and  drying  of  the  electrodes,  and  in  their  accurate  weighing 
in  a  chemical  balance.  This  meter  has  been  very  extensively  used, 
•and  has  evidently  given  fair  satisfaction,  but  the  following  statements 
from  some  of  the  superintendents  of  Edison  stations  show  that  satisfac- 
tion is  not  general: 

''  The  confidence  is  fully  as  great  as  in  gas  meters." 

*^  They  [the  customers]  have  as  much  confidence  in  the  Edison 
meter  as  in  the  gas  meter,  and  probably  a  little  more.'' 

'*  The  meter  to  our  customers  is  a  blank,  and  it  becomes  a  question 
•of  confidence  in  the  meter  man." 
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E  DISON  METER.    Fig.  16. 
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*ig.  17. 
CONNECTIONS  OF  EDISON  3-WIBE  METER. 


Electricity  for  Light  and  Power. 


215 


Fig.  18. 
AEON'S  3-WIEB  METER. 
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"  Our  meters  here  are  a  great  deal  of  trouble  owing  to  the  number 
we  have  in  use,  but  still  we  could  not  get  along  without  them/' 

Sir  D.  Salomons,  in  the  last  edition  of  his  work  on  electric  lighting, 
describes  the  Edison  meter  as  a  thing  of  the  past. 

It  is  but  fair  to  the  Edison  Company  to  say  that  they  do  not  recom- 
mend their  meters  being  used  in  stations  of  less  than  1000  lights  capa- 
city. 

Aran  Meter  {Figs,  18  and  19). 

The  Aron  three-wire  meter  (Fig.  17)  is  used  in  all  the  large  Edison 
Stat  ions,  and  by  some  other  companies  in  Germany.  It  is  a  most  admi- 
rable and  reliable  instrument,  and  it  is  one  from  which  the  consumer  him- 
self can  learn  what  he  is  using.  The  one  shown  in  Fig.  18  is  applicable 
to  the  two -wire  direct  and  A.  C.  systems.  The  registering  apparatus 
consists  of  two  seta  of  clockwork  which  will  run  forty  days  with  one  wind- 
ing, but  which  it  is  intended  to  wind  up  every  thirty  days,  when  the 
readings  are  taken.  The  pendulum  on  the  led  is  an  ordinary  pendulum 
uninfluenced  by  the  current,  but  that  on  the  right  consists  of  a  coil  of 
very  fine  wire,  which  is  connected  direct  to  both  the  positive  and 
negatives  wires  of  the  system,  while  one  of  the  main  wires,  either  the 
positive  or  negative,  forms  a  solenoid  through  which  the  main  current 
passes,  enveloping  the  fine  wire  pendulum  core. 

Before  any  current  is  passed  through  the  meter,  it  should  be  tested 
in  place  to  see  that  the  pendulums  swing  synchronously.  If  they  do 
not,  the  indications  of  one  pendulum  will  gain  upon  those  of  the  other. 
The  exact  adjustment  to  perfect  synchronism  is  obtained  by  raising  or 
lowering  the  weight  on  the  lefb  hand  pendulum.  K  found  correct  the 
current  is  passed  through  the  meter,  and  the  right  hand  pendulum's 
movement  being  accelerated  by  the  action  of  the  current,  causes  the 
registering  gear  to  work. 

The  chief  obstacle  in  the  way  of  the^  more  general  employment  of  this 
meter  is  its  comparatively  high  first  cost,  but  it  appears  to  be  well  worth 
the  money. 

ShaUenberger  Meier  {Fig.   20). 

The  ShaUenberger  meter  is  the  one  which  has  been  most  extensively 
used  in  America  for  the  measurement  of  alternating  currents,  having 
been  exclusively  used  in  the  Westinghouse  stations,  and  being  now 
largely  used  in  those  of  other  companies.  About  12,000  are  now 
in  use.  It  b  simply  a  small  alternating  current  motor  with  registering 
gearing,  and  attached  vanes  placed  on  the  shaft  to  retard  the  movement 
to  a  degree  necessary  for    adjustment  and    regulation.     Its    chief- 
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di»idvantage  is  that  it  does  not  work  readily  with  a  small  current,  bat 
as  this  tells  against  the  company  and  not  against  the  consumer,  the 
latter  will  not  probably  have  any  objection  to  it.  This  meter  will  be 
better  understood  by  examination  of  the  sample  on  the  table. 

Alternating  current  meters  have  also  been  made  by  the  Fort  Wayne 
Electric  Co.  and  the  Thomson-Houston  Electric  Go.  ;  but  the  latter 
is  not  yet  on  the  market,  and  as  the  author  has  no  experience  of 
either  he  prefers  not  to  describe  them,  but  would  refer  members  to  the 
^*  Electrical  World  "  or  **  Electrical  Engineer  "  for  full  particulars. 

STORAGE  BATTERIES. 

Storage  batteries  have  not  been  applied  on  this  continent  to  any  such 
■extent  as  they  have  been  in  Europe.  Wherever  they  are  employed 
except  for  propulsion  of  about  a  dozen  street  railway  cars,  perhaps 
fewer^  it  has  been  for  the  purpose  of  securing  light  after  engines  and 
dynamos  have  been  stopped  at  night,  and  for  railway  car  lightiug.  For 
the  latter  purpose  they  have  not  hitherto  been  a  success,  and  have  been 
discontinued  on  the  Pennsylvania  doad,  on  the  Canada  Atlantic  and 
on  the  Grand  Trunk  Eailways,  the  Julien  battery  having  been  used  in 
these  cases.  On  the  Intercolonial  Railway  a  great  number  of  cars  have 
been  fitted  up  with  these  batteries,  and  it  is  said  several  addi- 
tional charging  stations  are  to  be  erected,  it  having  been  found  that  the 
two  at  present  in  operation,  one  at  Levis  and  the  other  at  Moncton, 
together  with  such  current  as  may  be  obtained  at  Halifax,  N.S.,  and 
Montreal,  have  been  insufficient,  or  otherwise  expressed,  the  capacity  of 
the  batteries  supplied  has  not  been  enough  to  last  during  the  runs 
between  the  various  stations.  The  fact  that  the  coal  oil  lamps,  which 
were  wisely  left  in  position,  are  used  on  nearly  every  trip,  proves  the 
inadequacy  of  the  batteries  which  have  been  supplied  for  this  work. 

Outside  of  these  plants  storage  batteries  have  been  used  in  five  or  six 
places  in  Canada,  among  which  may  be  mentioned  McGill  College,  the 
lights  there  being  run  from  a  Oibson  battery  in  the  basement.  The  bat- 
tery is  charged  from  a  small  shunt  wound  dynamo  driven  by  an  Otto 
{hs  engine  made  by  Crossley  Bros,  of  Manchester. 

A  PRIVATE  INSTALLATION. 

The  same  kind  of  plant  and  the  same  kind  of  battery  are  used  in 
the  residence  of  Mr.  F.  R.  Redpath,  the  arrangement  of  which  is  shown 
in  Figs.  21-24.  The  plant  is  in  the  basement  of  the  house. 
The  gas  engine  is  an   Otto  made  by  Messrs.  Schleicher,  Schumm 
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&  Co.,  of  Philadelphia,  and  is  the  steadiest  running  gas  engine  in 
Canada.  Its  weight,  with  two  54-inch  fly  wheels,  is  ahout  3200  lbs. 
It  indicates  3.9  H.  P.,  with  a  gas  consumption  of  26  cubic  feet  per 
H.  P.  per  hour.  Over  the  cylinder  is  a  cast-iron  saddle,  on  which  the 
dynamo,  a  shunt  wound  machine  made  by  Holmes  &  Co.,  of  Newcastle- 
on-Tyne,  England,  is  placed,  there  being  just  one  quarter  of  an 
inch  clearance  between  the  rims  of  the  fly  wheels  and  tbe  ends  of  the 
dynamo  bed.  Behind  the  dynamo  and  attached  to  the  bed  of  the 
engine  are  two  wrought-iron  adjustable  arms  carrying  the  countershaf 
and  idler  pulley.  The  dynamo  pulley  is  therefore  between  the  idler  and 
the  flywheel  of  the  engine,  is  double  crowned  and  is  lapped  over  nearly 
tbe  whole  circumference  by  two  belts  as  shown.  The  slip  is  less  than 
2  per  cent  The  speed  of  the  engine  is  180  revolutions  per  minute. 
Tbe  dynamo  weighs  430  lbs.,  and  the  idler  pulley  and  countershaft 
100,  so  that  the  total  weight  of  engine,  dynamo  and  driving  gear  is 
3800  lbs.  A  box  7'  4"  x  2'  8"  x  5'  2"  would  cover  engine,  dy- 
namo, belting,  idler  pulley  and  countershaft,  and  the  whole  might  be 
thus  shipped  to  any  distance  completely  set  up  ready  for  connection 
of  gas  and  exhaust  pipes.  The  arrangement  of  the  plant  was  designed 
by  Mr.  Redpath,  and  is  most  compact  and  ingenious. 

There  are  42  cells  of  Gibson  battery,  capacity  150  ampere  hours,  and 
they  are  connected  in  two  sets  of  21  each  in  parallel,  the  changing 
current  being  33  amperes  at  from  45  to  55  volts  pressure.  These 
cells  are  ranged  on  shelves  in  the  engine  room.  The  plates 
in  this  battery  are  placed  horizontally  instead  of  vertically  as  in 
other  batteries,  and  have  thus  the  advantage  of  being  less  liable  to 
short  circuiting  through  paste  falling  between  them  as  it  does  in  verti- 
cally arranged  plates.  A  slight  disadvantage  is  that  the  internal  resist- 
ance is  higher  than  some  other  forms  of  battery  owing  to  the  plates  being 
ftirther  apart ;  but  this  is  compensated  for  by  the  longer  life  of  the  Gib* 
son,  the  makers  guaranteeing  to  keep  it  in  order  for  ten  per  cent,  per 
annum  of  the  first  cost.  The  electrolyte  used  is  dilute  sulphuric  acid 
with  the  addition  of  sulphate  of  soda,  the  density  of  the  combined  solu- 
tion being  1.220.  This  battery  will  stand  heavier  charging  than  any 
other^  and  has  frequently  been  charged  with  a  current  of  75  amperes  ; 
but  the  most  economical  practical  charging  rate  is  about  30  amperes. 
In  charging  the  current  is  measured  by  Weston  ammeter  and  the  pres- 
sure by  a  Weston  voltmeter.  There  is  also  another  Weston  voltmeter 
in  the  library  upstairs,  and  underneath  it  a  resistance  switch  of 
German  silver  in  series  with  the  battery,  by  which  the  pressure  in  dis- 
charging is  regulated,  as  the  battery,  when  first  connected  to  the  lamps 
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after  chaiging,  is  higher  in  E.  M.  F.  than  when  nearly  diBcharged,  the 
lamps  used  being  of  course  of  suoh  voltage  that  they  will  give  their 
full  light  at  the  lowest  pressure  to  which  the  battery  in  practice  is 
reduced.  The  maintenance  of  perfectly  uniform  light  is  thus  under 
control  from  Mr.  Bedpath's  arm  chair. 

This  is  the  first  and  only  complete  private  installation  for  residen- 
tial lighting  in  Canada,  and  was  first  started  five  years  ago,  shortly 
after  the  visit  of  the  British  Association  to  this  country. 

VALLVTFIELD  AND  BABBIE  OENTBAL  STATIONS. 

Let  us  describe  briefly  and  compare  these  central  stations,  both 
constructed  by  the    writer,   and  good  samples  of  their    respective 
classes.    Both    have  water    power,   but  the    first  is  on   the  Edison 
three-wire  system  and  the  second  is  a  Brush  A.  C.  plant.     In  Yal- 
leyfield  the  power  is  in  the  heart  of  the  town  and  in  the  centre  of  dis- 
tribution, 80  that  it  is  in  the  most  &vourable  position  for  economical 
distribution  by  low  tension,  and  the  wire  used  is  as  small  in  area  as 
consistent  with  even  voltage  at  the  lamps  and  greatest  efficiency  of  the 
plant.     Both  stations  were  built  with  rooms  for  the  man   in  charge 
over  the  dynamo  room.     The  running  expenses  are  the  same  or  about 
the  same  in  both  places.    Probably  no  other  stations  of  similar  capacity 
in  the  world  cost  less  to  run,  the  total  annual  expense  in  each  being 
less  than  $1600.     The  capacity  of  both  stations  is  about  the  same,  say 
60,000  watts.  The  Yalleyfield  station  complete  cost  $40,000,  including 
building,  water-wheels    and    flume.      The  Barrie  station,  with  the 
same  items,  cost  less  than  $22,000,  including  over  $3000  for  the  wire 
leading  into  town  from  the  station,  five  miles  distant.     In  the  Barrie 
plant  heavily  insulated   wire   is  used  throughout  the  24  miles  of 
street  wiring,  and  rubber-covered  wire  in  all  buildings,  whereas  bare 
wire  is  used   at  Yalleyfield  for  street  wiring,  and  fire   and  weather- 
proof wire  for  inside  work.     House  wiring  in  Yalleyfield  is  all  cleat 
work :  most  of  that  at  Barrie  is  concealed,  the  lights  in  the  latter 
place  being  principally  in  private  houses  and  placed  on  brass  fixtures, 
whilst  at  Yalleyfield  drop  cords  are  used  exclusively.     The  pressure  ia 
the  houses  in  Yalleyfield  is  generally  220  volts,  the  three  wires  being 
carried  in  in  all  cases  where  this  system  is  used,  in  order  to  maintain 
as  even  a  load  as  possible  on  both  sides  of  the  circuit.     In  Barrie  the 
pressure  is  93  volts  on  the  lamps  in  the  houses,  and  nothing  higher 
than  98  volts  can  ever  enter  them.    The  charge  for  current  averages 
at  Yalleyfield  $9  per  light  a  year,  and  at  Barrie  $7.50.    This  means 
that^  making  due  allowance  for  all  contingencies  in  both  oases,  the 
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Barrie  plant  will  pay  its  sharebolders  better  than  the  Yalleyfield 
plant  will,  while  the  customers  pay  $1.50  per  light  a  year  less.  In  the 
Barrie  station  Westingbouse  meters  are  used  on  the  premises  of  the 
largest  consumers,  and  these  can  be  read  by  the  consumer  as  well  as  the 
meter  man,  the  cost  of  operating  the  station  is  not  increased,  the  man 
who  attends  to  the  wiring  of  the  buildings  in  town  and  to  collection  of 
accounts  tiiking  the  readings ;  while  if  the  Edison  meter  be  used  at 
Yalleyfield,  another  man  will  require  to  be  eoiployed  to  attend  to  the 
meters  solely,  and  his  wages  will  have  to  be  added  to  the  operating 
expense  and  thus  reduce  the  net  revenue. 

The  respective  sizes  of  wire  used  in  both  stations  is  worthy  of  study. 
At  Barrie  the  loss  in  the  feeder  is  14^  per  cent,  at  full  load,  nearly  the 
same  as  at  Yalleyfield.  The  length  of  feeder  at  Barrie  is  10  miles  for 
the  complete  circuit,  and  the  size  of  wire  No.  4  B.  W.  G.  At  Yalleyfield 
the  feeders  are  three  in  number  and  three  in  a  set ;  the  longest  is  less 
than  two  miles  for  the  complete  circuit,  and  the  size  of  the  outride 
wires  No.  000  B.  W.  Gr.  The  No.  4  wire  used  at  Barrie  weighs  985 
lbs.  per  mile,  including  insulation,  and  the  No.  000  bare  wire  at  Yalley- 
field weighs  2886  lbs.  per  mile. 

It  may  be  and  has  been  said  that  in  the  one  case  there  is  a  per- 
fectly safe  low  tension  system,  while  in  the  other,  to  use  the  pet 
phrase  of  the  paid  advocate  of  low  tension,  the  New  York  State 
Electric  Executioner  there  is  the  "  Deadly  Alternating  Current." 
That  is  admirable  as  a  trade  trick,  but  even  the  Edison  Company  now 
advertise  that  they  are  prepared  to  supply  A.  C.  plant  to  all  who  desire 
it.  Either  there  is  less  danger  in  the  A.  C.  system  than  they  would 
have  the  public  believe,  or  they  are  ready  to  subordinate  principle  to 
pocket  in  the  contest.  To  alter  slightly  a  phrase  from  Dickens'  '^Holi- 
day Bomance,"  the  Edison  people  have  been  advising  the  public  to 
"  Prohibit  the  use  of  the  alternating  current  system  on  the  ground  of 
humanity  as  it  makes  ours  too  expensive."  In  an  article  on  the 
subject.  Sir  William  Thomson,  the  greatest  living  authority  on 
electrical  matters,  says  : 

'*  In  passing  I  may  remark  that  100  voJts  in  the  house  is  perfectly 
''  safe  to  thetiser,  whether  the  current  be  alternating  or  continuous j  as 
<<  is  proved  by  large  and  varied  experience  in  England. " 

It  must  be  freely  admitted  that  the  accidents  reported  from  New 
York  were  real  and  not  invented  for  sensational  purposes,  but  it  must 
also  be  acknowledged  that  in  no  other  city  in  the  world  is  there  such 
an  oj^nization  as  the  Board  of  Electrical  Control,  to  which  appoint- 
ments are  made  by  political  influence  only,  regardless  of  qualification. 
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and  one  of  whose  advisers  is,  or  was,  an  individual  whose  business  it 
was  for  the  past  two  years  to  discredit  the  alternating  system,  for 
which  service  he  was  well  paid.  In  no  other  city  in  the  States  or  Can- 
ada is  there  such  bad  construction  of  overhead  conductors  as  there 
was  in  New  York.  The  under-ground  construction  there  is  nearly  as 
dangerous  on  account  of  existing  grounds  on  the  wires  and  leakage  of 
current  and  the  consequent  liability  to  cause  explosions  of  gas  in 
subways,  as  has  already  been  repeatedly  done,  besides  turning  the 
paving  stones  into  *'  a  molten  mass." 

Furthermore,  the  insulation  of  the  overhead  wires,  which  have  been 
in  use  in  some  cases  over  eight  years,  had  rotted  off,  being  of  the 
quality  known  as  ^*  Underwriters,"  or  "  Undertakers  "  if  you  will. 

Four  deaths  have  occurred  in  the  whole  history  of  electric  lighting 
in  Canada  from  shocks  of  eloctricity,  and  two  of  these  were  the 
result  of  bad  insulatioo  of  wires  and  faulty  construction  by  a  purchas- 
ing company  doing  its  own  work,  without  employing  anybody  having 
any  knowledge  of  the  business,  in  order  to  cheapen  the  first  cost  of  tho 
plant,  and  which  purchased  a  job  lot  of  poorly  insulated  wire,  and  ran 
two  dynamos  in  series  with  100  arc  lamps  in  circuit  at  a  tension  of 
nearly  5000  volts.  The  current  used  on  that  system  was  a  continuous 
one,  not  a  pulsating  high  tension  current  as  stated  in  a  circular  which 
some  of  you  may  have  received. 

Reverting  to  the  main  subject :  Thirty  wires  radiate  from  the  Val- 
leyfield  station  ;  one  pair  carry  the  current  irom  the  Barrie  station. 
In  the  Barrie  station  the  pressure  of  primary  current  is  the  highest 
which  has  yet  been  used  in  this  country,  being  about  2100  volts  average 
on  the  feeder.     This  pressure  is  raised  or  lowered  by  increasing  or  de- 
creasing the  exciting  current  according  to  the  load  shown  on  the  central 
station  ammeter,  which  is  graduated  to  single  amperes,  and  is  indicated 
by  a  Cardew  voltmeter,  which,  as  elsewhere  mentioned,  is  attached 
through  a  converter  to  the  armature.    Instead  of  having  a  compensator- 
as  is  used  in  the  Westinghouse  system,  a  table  of  loads  and  the  corres- 
ponding pressures  to  be  carried  at  the  station  is  used.      This  method, 
though  of  course  not  absolutely  perfect,  owing  to  the  rise  of  current  with 
increase  of  voltage  and  vice  versa,  answers  very  well.     The  Cardew 
voltmeter  in  the  company's  office  in  town,  which  is  an  excellent  check 
upon  the  dynamo  attendants'  work,  shows  an  average  variation  of  two 
volts  only  in  a  night's  run.     The  mains  in  town,  which  aggregate 
nearly  14  miles  in  length,  are  calculated  for  a  loss  of  only  2  per  cent, 
at  full  load,  which  gives  a  difference  of  f  of  a  volt  per  lamp  up  or 
down  from  the  standard.     The  house  wires,  which  are  insulated  with 
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rubber  and  tape  are  calculated  for  one  per  cent,  loss  odIj  at  full  load 
As  most  of  the  lights  are  taken  in  private  residences,  where  the  whole 
number  are  hardly  if  ever  in  use  at  one  time,  the  loss  of  light  through 
resistance  of  the  house  wiring  is  practically  nil. 

MEASURING    IN8TBUMENT8. 

The  Ayrton  and  Perry  instruments  have  been  used  to  a  very  con- 
siderable extent  in  this  country,  and  until  recently  were  the  most 
accurate  of  all  really  portable  electrical  measuring  instruments.  There 
is  a'sample  on  the  table  before  you.  They  are  only  suited  for  direct, 
currents,  and  are  open  to  the  objection  that  they  have  considerable 
friction  and  a  high  temperature  error  if  kept  in  circuit,  which  they 
should  never  be  except  only  for  a  few  seconds  when  taking  readings. 

The  Weston  voltmeter  is  shown  in  Figs.  25  and  26.  These  voltmeters 
have  the  great  advantage  of  extreme  accuracy  and  very  high  resistance, 
averaging  about  20,000  ohms,  so  that  the  quantity  of  current  passing 
is  extremely  small.  They  may  be  kept  continuously  in  circuit  without 
any  material  variation  in  their  readings.  They  require  careful  hand- 
ling, (of  course,  as  do  all  electrical  instruments,  but  they  are  the  most 
accurate  and  reliable  of  all  portable  testing  instruments  for  continuous 
currents.  The  voltmeters  contain  a  calibrating  coil  by  which  their  con- 
stancy can  be  at  all  times  tested.  The  writer  has  used  quite  a  number  of 
these  instruments  which  he  has  checked  with  each  other,  and  has  some- 
times compared  the  higher  and  lower  scale  by  taking  the  P.  D.  differ- 
ence between  terminals  of  single  cells  of  secondary  batteries,  and  then, 
putting  the  whole  of  the  cells  in  series,  compared  the  reading  of  total 
E.  M.  F.  of  the  battery.  Several  tests  of  this  nature  have  come  out 
within  one  quarter  of  a  volt.  The  calibrations  are  in  single  volts  on  the 
higher  scale,  and  thirtieths,  twentieths  or  tenths  of  volts  on  the  lower 
scale.  The  ammeters  read  to  tenths  of  amperes  in  the  small  sizes. 
In  both  the  divisions  of  the  scale  are  so  wide  that  one  quarter  of 
these  values  can  be  read  with  perfect  ease. 

For  the  most  perfect  readings  by  these  instruments  they  should 
be  set  quite  level,  and  five  feet  away  from  any  other  instrument, 
or  from  any  mass  of  iron  or  steel,  and  so  placed  that  the  index  will 
point  due  west  when  at  the  centre  of  the  scale,  but  these  pre- 
cautions are  not  necessary  for  ordinary  testing  of  pressure  in  build 
ings,  as  the  error  can  seldom  be  more  than  }  volt,  if  otherwise  placed. 

The  Cardew  volt  meter  (Fig.  27)  is  used  for  both  direct  and  alter- 
Dating  currents,  and  is  made  to  be  used  either  vertically  or  horisontally. 
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Fig.  26. 

COIL  AND  MAGNETS  OF  WESTON  VOLT- 

METEE    (^Cover  removed.) 


Fig.  27. 
CAEDEW  VOLT-METEE. 
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The  horizontal  pattern  has  the  advaDtage  of  being  steadier  than  the 
vertical  iostrumeDt  owing  to  the  disturbance  caused  by  currents  of  air 
passing  up  the  tube  of  the  latter.  All  the  more  recent  forms  of  this 
instrument  have  an  adjusting  screw  outside  of  the  case  to  bring  the^ 
needle  to  zero,  which  shoold  be  done  before  the  current  is  turned  on. 
No  adjustment  should  be  made  while  the  wire  remains  warm,  as- 
the  section  of  the  wire  may  be  altered  by  any  tension  put  upon  it 
while  in  this  condition  and  the  calibration  destroyed. 

For  alternating  and  direct  currents  Sir  Wm.  Thomson's  latest  in 
struments  are  the  finest  yet  produced,  but  are  more  suited  for  standard 
or  station  use  than  as  testing  instruments.  In  the  electrostatic- 
instruments  no  current  passes  through  the  instrument  at  all,  and  so  the 
conditions  of  a  battery  or  dynamo  on  open  circuit  can  be  found  with 
perfect  accuracy.  The  electrical  balances  (Fig.  28)  are  adapted  for 
both  alternating  and  direct  currents.  To  anybody  desiring  a  fine 
standard  laboratory  or  station  set  of  large  range,  none  are  better  than, 
these  instruments,  expensive  though  they  be.  All  stations  for  alternat- 
ing current  work  should  have  a  Cardew  or  Thomson  voltmeter,  a  porta- 
ble Thomson  multicellular  electrostatic  voltmeter  for  testing  pressure  in 
consumer's  premises,  etc.,  and  a  Thomson  ampere  gauge.  For  direct  cur- 
rent stations  Weston  or  Cardew  voltmeters  for  station  work  and  line 
testing  should  be  used,  and  Thomson  ampere  gauges  for  current  mea- 
surement. The  Westinghouse  ammeter,  an  excellent  instrument  closely 
resembling  the  Thomson  ampere  gauge,  is  shown  in  Fig.  29,  and  the 
Edison  ammeter  in  Fig.  30.  For  rough  approximations  the  latter  is  a 
cheap  and  fairly  accurate  instrument. 

TRAMSMIBSION  OF  POWER. 

•    In  his  Address  at  the  Annual  Meeting,  the  President  touched  upon . 
the  subject  of  electrical  transmission  of  power,  mentioning  the  installa- 
tion at  the  Chollar  Mine,  Virginia  City,  Nevada.     There  a  Brush 
plant  is  used,  as  then  stated,  placed  1680  feet  below  the  surface  of  the 
ground,  in  a  chamber  50'  long  by  25*  wide  by  12'  high,  hewn  out  of.* 
solid  porphyry.     The  small  stream  of  water,  which  drove  the  wheels 
at  the  surface  of  the  mine, — ^was  carried   down  through    two   iroui 
pipes  one  10"  and  the  other  8'^  diameter,  connected  together  at  the 
bottom  of  the  shaft  by  a  Y  into  a  single  pipe  14"  diameter  from  which. 
6"  pipes  lead  to  the  Pelton  water  wheels'    nozzles,  there  developing., 
sufficient  energy  through  the  generators  to  transmit  to  the  surface  byi 
well  insulated  cables  450  H.  P.        The  waste  water  is  conveyed 
away    through  the  Sntro  Tunnel,   v^hich  pierces   the  side   of  the 
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mouotain  for  the  drainage  of  the  mines — ^in  itself  a  monument  of 
engineering  ability  and  Western  enterprise.  This  is  at  present  the 
larg^t  installation  in  the  world  for  transmission  of  power  by  stationary 
electric  generators  and  motors. 

About  August  last  a  generator  and  a  motor  of  exactly  the  same  type 
as  those  placed  in  the  Chollar  Mine  were  installed  at  Messrs.  Barber  & 
Go.'s  Mills,  Georgetown,  Ont.  The  water  of  the  Credit  river  was 
dammed  over  two  miles  below  the  mill,  and  a  water  wheel  and  shaft  were 
placed  in  a  building  there  along  with  the  generator.  A  coppor  wire 
was  carried  back  and  attached  to  the  motor,  which  develops  75 
H.  P.  in  the  mill. 

ILSOTRIO    RAILWAYS. 

Four  years  ago  there  may  be  said  to  have  been  no  electric  railways 
in  operation  in  America.  Yet  according  to  the  most  reliable  sources  of 
information  there  were  636}  miles  of  electrically  equipped  railways  in 
operation  and  700  miles  under  construction  at  the  end  of  December, 
1889 :  1063  electric  cars  were  then  running  and  771  cars  were  being 
equipped.  The  total  number  of  completed  roads  was  107^  and  85  were 
under  construction.  Of  these  roads  two  were  ruaning  in  Canada,  their 
total  length  being  10  miles,  and  these  were  equipped  with  10  motor 
cars.  The  first,  at  Windsor,  Ont.,  with  two  miles  of  road  and  two 
cars,  has  now  been  at  least  four  years  in  operation  ]  the  other  is  at 
St.  Catharines,  and  the  length  of  road  is  8  miles,  and  it  is  equipped 
with  8  cars.  Both  roads  use  the  Yandepoelc  system.  The  road  at 
Victoria,  B.C.,  is  now  running.  The  track  is  4  miles  long,  with 
6  motor  cars.  The  Vancouver  road,  which  is  likewise  4  miles  in 
length,  and  is  to  be  equipped  with  4  motor  cars,  will  be  running 
about  the  beginning  of  June.  The  Thomson-Houston  system  is 
used  in  both  cities,  and  a  contract  for  a  short  line  in  Toronto,  on 
which  two  motor  cars  will  be  used^  has  lately  been  closed  with  the 
Thomson-Houston  Company,  which  has  done  by  far  the  largest 
amount  of  work  in  Electric  railways,  the  Sprague  Go.  ranking  next. 
The  following  table  shows  the  amount  of  work  done  by  various 
companies  and  that  under  construction  in  January  last. 
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In  operation  and  under  oonstructiony  Jan.,  1890. 
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Name  of  System* 


1  Thomson-Houston...., 

2  Sprague 

3  Daft 

4  Van  de  Poele 

5  Short 

6  Bentley-Knight 

7  National  Electric   Trac- 

tion Co. 

8  Jnlien 

9  Fisher.., 

10  Henry 

11  Rae 


Id  operation. 


No.  of 
Roads. 


47 
35 

10 
8 
3 
1 

1 

1 
1 
1 


No.  of 
Cars. 


490 

408 

66 

57 

17 

6 

1 

10 

4 
4 


Under  construction. 


No.  of 
Roads* 


37 

33 

5 

1 
1 
5 


No.  of 
Gars. 


509 

218 

15 

5 

20; 

not  given 


not  given 
4 


Within  the  past  few  months  great  activity  has  existed  in  electric 
railways  in  the  United  States,  and  the  two  leading  companies  in  this 
business  have  contracted  for  several  hundreds  of  cars  each  ;  the  lead  of 
the  Thomson-Houston  Company  having  increased,  while  the  Sprague 
Company  has  over  1200  motors  cars  in  operation  or  in  course  of  con- 
struction. 

The  largest  electric  street  railway  system  in  the  world  is  that  of  the 
West  End  Railway  of  Boston,  contracted  for  by  the  Thomson-Houston 
Company,  of  which  the  following  particulars  may  be  of  interest :  At 
the  present  time  there  are  150  cars  running,  and  when  completed 
there  will  be  600  in  operation.  Now  there  are  56  miles  of  road  electric- 
ally operated,  and  236  are  to  be  equipped.  In  the  power  station  from 
3.30  till  7  p.m.  the  electrical  plant,  which  is  capable  of  developing,  if 
called  upon,  2500  H.  P.,  usually  furnishes  from  1000  to  1500  H.  P. 
The  cars  generally  in  use  are  16  ft.  closed  cars,  each  carrying  30  pas- 
sengers, and  towing  a  similarly  loaded  car.  Such  a  car,  equipped  with  a 
single  15  H.  P.  motor,  averages  in  speed  15  miles  an  hour  on  the  level, 
and  wiU  pass  a  grade  of  5^  per  cent,  at  a  rate  of  nine  miles  an  hour. 
Such  work  is,  however,  rather  severe  for  constant  use,  and  for  heavy 
work  they  are  using  two  15  H.  P.  motors.  The  potential  used  is  500 
volts,  and  the  average  rate  of  speed  is  from  10  to  15  miles  an  hour. 
The  weight  of  a  motor  oar  equipped  is  6  tons.  The  cost  of  steam 
power  is  from  one  to  four  cents  per  car  mile,  taking  100  miles  per  car 
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per  day  as  a  basis  ;  the  cost  of  operation  and  maintenanoe,  four  to  six 
cents  per  car  mile  on  the  same  basis ;  the  cost  of  repairs  to  electrical 
apparatus  is  from  one  and  a  half  to  two  cents  per  car  mile  ;  cost  of 
management  from  one  to  two  cents  per  car  mile,  and  the  average  total 
cost  of  operation  is  nine  and  a  half  to  sixteen  cents  per  car  mile, 
according  to  the  number  of  miles  operated. 

Unfortunately  the  severe  winters  and  heavy  snow-falls  of  Montrea 
and  other  cities  in  Eastern  Canada  preclude  the  possibility  of  working 
electric  railways  the  whole  year  on  our  present  street  roads,  but  it  is  a 
question  worthy  of  the  study  of  members  of  this  Society,  whether  it 
would  pay  to  operate  our  roads  electrically  during  the  seven  months 
of  open  weather  which  we  get,  or  if  a  system  of  overhead  railways  along 
our  main  traffic  thoroughfares  operated  electrically,  and  which  could  be 
run  the  whole  year  round,  would  not  be  a  good  investment. 

STREET  WIRING  FQR  ELEOTRIO   LIGHTINQ. 

First,  on  account  of  the  dangers  of  break  down  from  heavy  sleet 
storms,  and  the  variation  in  tension  of  wire  caused  by  the  extremes  of 
temperature  experienced  in  Canada,  poles  should  be  placed  not  more 
than  135  feet  apart,  or  say  40  to  the  mile.  They  should  all  be  good, 
sound,  straight  cedar,  7  inches  diameter  at  the  top,  and  not  leas  than 
35  feet  long,  and  should  be  set  in  the  ground  to  a  minimum  depth  of 
6  feet  and  securely  tamped.  The  cross  arms  should  be  of  sound  timber 
4i^" y.Z^'\  well  painted,  and  fixed  in  gains  cut  in  the  poles  and 
secured  thereto  by  lag  screws  8''  long,  which  would  thus  enter  into  the 
pole  about  4}  inches.  They  should  never  be  attached  by  spikes  only. 
Wherever  telephone  or  telegraph  wires  run  in  the  same  streets,  the  poles 
should  be  of  sufficient  height  to  carry  the  electric  light  wires  at  least 
four  feet  above  them.  Bare  wire  for  carrying  either  high  or  low 
tension  currents  in  towns  should  be  strictly  prohibited.  The  insulation 
of  the  wire  should  be  both  fire-proof  and  weather-proof,  and  of  such 
tough  texture  as  to  withstand  abrasion  should  other  wires  by  any 
means  fall  across  the  electric  light  wires.  None  but  the  best  double 
petticoat  glass  insulators  should  be  used. 

For  outside  construction  some  of  the  English  Board  of  Trade 
Regulations,  which  might  be  adopted  with  advantage  m  this  country, 
are  as  follows,  the  numbers  given  being  those  of  the  Regulations : 

1  •  An  aerial  conductor  in  any  street  shall  not  in  any  part  thereof  be 
at  a  less  height  from  the  ground  than  20  feet,  or  when  it  crosses  a 
street,  30  feet,  or  within  six  feet  of  any  building  for  the  purposes  of 
supply. 
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2.  Every  support  of  aerial  condactors  shall  be  of  durable  material 
and  properly  stayed  against  forces  due  to  wind  pressure,  change  of 
direction  of  the  eooductors  or  unequal  lengths  of  span,  and  the  con- 
ductors and  suspending  wires  (if  any)  must  be  securely  attached  to 
insulators  fixed  to  the  supports.  The  factor  of  safety  shall  be  at  least 
6,  and  for  all  other  parts  of  the  structure  at  least  12,  taking  the  maxi- 
mum possible  wind  pressure  at  50  lbs.  per  square  foot, 

5.  Every  aerial  conductor  shall  be  protected  by  efficient  lighting 
protectors. 

6.  Where  any  conductor  crosses  a  street,  the  angle  between  such 
conductor  and  the  direction  of  the  street  at  the  place  of  such  crossing 
shall  not  be  less  than  60  degrees,  and  the  spans  shall  be  as  short  as 
possible. 

•7.  Where  any  aerial  conductor  is  erected  so  as  to  cross  any  other 
aerial  conductor,  or  any  suspended  wire  used,  for  purposes  other  than 
the  supply  of  energy,  precautions  shall  be  taken  by  the  owners  of  such 
crossing  conductors  against  the  possibility  of  that  conductor  coming 
into  contact  with  the  other  conductors  or  wire,  or  of  such  other  con- 
ductor or  wire  coming  into  contact  with  such  crossing  conductor  by 
breakage  or  otherwise. 

11.  The  insulation  resistance  of  any  circuit  using  high  pressure  aerial 
conductors,  including  all  devices  for  producing,  consuming  or  measur- 
ing energy  connected  to  such  circuit,  shall  be  such  that  should  any  part 
of  the  circuit  be  put  to  earth  the  leakage  current  shall  not  exceed 
^  of  an  ampere  in  the  case  of  alternating  currents.  Every  such 
circuit  containing  high  pressure  conductors  shall  be  fitted  with  an 
indicating  device  which  shall  continuously  indicate  if  the  insulation 
resistance  of  either  conductor  fall  below  the  conditions  required  by  this 
regulation. 

''  14.  The  owner  of  every  aerial  conductor  shall  be  responsible  for  the 
efficiency  of  every  support  to  which  such  conductor  is  attached. 

'<  15.  Eveiy  aerial  conductor,  bcluding  its  supports,  and  all  the  struc- 
tural parts  and  electrical  appliances  and  devices  belonging  to  or 
connected  with  such  conductors,  shall  be  duly  and  efficiently  supervised 
and  maintained  by  and  on  behalf  of  the  owners  as  regards  both  electri- 
cal and  mechanical  condition. 

'*  16.  An  aerial  conductor  shall  not  be  permitted  to  remain  erected 
after  it  has  ceased  to  be  used  for  the  supply  of  energy  unless  the 
owners  of  such  conductor  intend,  within  a  reasonable  time,  again  to 
take  it  into  use. 
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*'  17.  Eyery  aerial  condnotor  shall  be  placed  and  used  with  due  regard 
to  eleotrio  lines  and  works  from  time  to  time  used  or  intended  to  be 
used,  for  the  purpose  of  telegraphic  communication,  or  the  currents  in 
such  electric  lines  and  works,  and  every  reasonable  means  shall  be 
employed  in  the  placing  and  use  of  aerial  conductors  to  prevent  injurious 
affection,  whether  by  induction  or  otherwise,  to  any  such  electric  lines 
or  works,  or  the  currents  therein." 

The  author  considers  that  rules  7, 13,  14,  15,  16  and  17  should  be 
equally  binding  upon  telegraph  and  telephone  companies  whose  wires 
are  often  as  carelessly  constructed  as  those  of  any  electric  light  com- 
pany, and  have  in  consequence  been  quite  as  blameworthy  for  fires 
originating  from  electric  currents. 

HOUSE   WIRINQ. 

In  the  interior  wiring,  none  but  high  class  rubber-insulated  wire  pro- 
tected by  an  outer  linen  tape  or  other  efficient  covering  should  be  used. 

None  but  porcelain  or  slate  base  cutouts  and  switches  should  be 
allowed^  and  the  sweating  of  drop  wires  for  single  lights  on  the  main 
wires  (such  wires  being  afterwards  twisted  together  and  brought  down 
to  the  lamp  socket)  should  be  prohibited. 

Wherever  lights  are  suspended  by  wires,  stranded  conductors,  equal 
in  area  to  No.  20  standard  wire  gauge,  covered  with  a  good  solid  rub- 
ber coating  and  protected  on  the  outside  by  silk  or  cotton  braiding, 
should  be  used,  and  where  taken  off  from  the  main  wires  a  porcelain 
rosette  cut-out,  such  as  the  K.  W.  rosette,  should  in  all  cases  be  provided, 
or  a  wood  base  rosette  may  be  used,  provided  it  is  rendered  fireproof. 

No  switches  should  be  used  which  do  not  break  contact  quickly  and 
automatically,  or  in  which  spring  copper  makes  a  connection ;  such  cop- 
per is  heated  by  the  passage  of  a  large  current,  and  by  losing  its  hard- 
ness therefrom  often  fails  to  make  gqod  connection,  and  so  may  cause  an 
arc  to  form.  The  Paiste  switch  b  the  only  one  at  present  made  on 
this  continent  in  which  these  objections  are  successfully  met. 

Fuses  for  cut-outs  should  not  be  interchangeable  with  others  of 
widely  different  capacity.  Over-loading  of  wires  first  designed  for 
lighter  loads  would  then  be  impossible. 

The  joints  in  wires  are  preferably  made  with  connectors  such  as  the 
Maolntyre  wire  joint,  as  soldered  joints  on  which  acid  has  been  used 
frequently  corrode  through  the  excess  of  acid  not  having  been  removed 
on  completion  of  the  solderio^,  and  it  has  been  the  author's  ezperience 
that  ordinarily  wiremen  will  not  take  the  time  or  trouUe  to  make  a 
good  joint  with  rosin  as  a  flux. 
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It  must  be  remembered  that  a  low  tension  oontionoos  ourrent  is  more 
liable  to  cause  a  fire  in  ease  of  short  circuit  between  the  main  wires 
than  an  alternating  ourrent,  owing  to  the  connection  which  exists  directly 
between  the  dynamo  and  the  house  wires,  permitting  the  entrance  into 
the  house  of  an  enormous  current,  while  with  the  alternating  current 
system  the  short  circuiting  of  the  secondary  house  wires  will  only  result 
in  the  immediate  melting  of  the  fine  wire  fuse  in  the  primary  circuit  of 
the  converter.  There  sbould  be  no  relaxation,  therefore,  of  adopted 
regulations  in  favour  of  low  tension  direct  systems  on  account  of  supposed 
greater  safety,  a  thing  which  does  not  exist  in  their  case,  but  both  direct 
and  alternating  current  systems  should  be  treated  alike  so  far  as  the 
wiring  of  consumers'  premises  is  concerned,  and  the  present  standard 
should  be  raised,  not  lowered. 

It  should  not  be  forgotten,  that  one  of  the  most  important  elements  in 
the  attainment  of  perfect  safety  to  everybody  concerned  is  the  employ- 
ment by  supply  companies  of  properly  qualified  and  experienced  labour 
both  for  the  construction  and  for  the  running  of  plants.  It  will  be  found 
to  be  very  poor  economy  to  employ  beU-hangers,  plumbers  and  even 
shoemakers  on  work  requiring  considerable  electrical  and  mechan- 
ical knowledge  and  clear  judgment,  as  is  done  at  the  present  time  in 
some  Canadian  stations  which  might  be  mentioned,  merely  for  the  sake 
of  saving  two  or  three  hundred  dollars  a  year  in  wages,  a  sum  which  is 
much  more  than  counterbalanced  by  the  unsatisfactory  results  in  the 
lighting  and  the  additional  cost  of  repairs.  Nor  should  it  be  forgotten 
that  a  cheap  and  poorly  constructed  electric  lighting  plant  is  the 
worst  of  all  possible  investments. 

To  reassure  the  timid  whose  nerves  have  been  so  skilfully  played 
upon  by  advocates  of  low  tension  systems,  the  following  opinions 
of  Sir  William  Thomsom,  Dr.  John  Hopkinson,  Mr.  W.  H.  Preece, 
Professor  George  Forbes  and  Monsieur  E.  Fesquet,  handed  in  at  a 
recent  meeting  of  the  New-Tork  Senate  Committee  on  Electric  Light- 
ing, may  be  cited.  These  gentlemen,  whose  qualifications  to  speak  author- 
itatively on  the  subject  cannot  be  questioned,  are  practically  unani- 
mous in  the  opinion  that  the  distribution  by  alternating  currents  can 
be  and  is  safely  carried  out  by  underground  or  overhead  wires  at  pres- 
sures of  2000  to  2500  volts ;  that  absolute  safety  to  the  person  can  be 
and  is  obtained  in  the  use  of  such  currents ;  that  there  is  less  danger 
firom  fire  from  an  alternating  current  system  using  converters  than 
from  a  continuous  low  tension  current  connected  direct  from  the 
dynamo  to  the  consumers'  premises  (and  the  higher  the  tension  in  the 
primary  the  greater  the  safety  in  this  respect)  ;  that  on  account  of 
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the  small  current  and  the  oonseqnentlj  smaller  area  of  copper  wire 
required  for  its  distribution,  the  alternating  current  has  many  adyan- 
tages  over  all  systems  of  low  tension  distribution ;  and  that  a  properly 
constructed  and  mounted  converter  is  in  itself  an  effective  protector  to 
the  user  of  electric  illumination  against  danger  from  shock  or  fire. 

In  conclusion  the  opinion  may  be  hazarded  that  within  the  next 
ten  years  three-fourths  of  the  incandescent  electric  lighting  on  thia 
continent,  following  the  example  now  set  in  Europe,  will  be  carried  out 
on  the  alternating  current  transformer  system  at  increased  rather  than 
lower  pressures  than  at  present  used,  and  that  a  large  proportion  of  our 
mills  and  factories  situated  within  five  or  even  ten  miles  of  water 
powers  will  be  run  by  electric  motors  either  driven  direct  by  high  ten- 
sion continuous  currents  or  by  low  tension  alternating  currents  obtained 
through  converters  attached  to  primary  conductors  carrying  a  high 
tension  and  small  current. 

The  thanks  of  the  author  are  due  to  the  Westinghouse  Electric  Co. 
of  Pittsburg,  the  Brush  Electric  Co.  of  Cleveland,  the  Thomsom-Hous- 
ton  International  Electric  Company  of  Boston,  the  Royal  Electric  Co. 
of  Montreal,  the  Ball  Electric  Light  Co.  of  Toronto,  the  Reliance 
Electric  Light  Co.  of  Waterford,  Mr.  J.  J.  Wright  of  the  Toronto 
Electric  Light  Co.,  Messrs.  J.  W.  Queen  &  Co.  of  Philadelphia,  the 
Weston  Electrical  Instrument  Co.,  of  Newark,  N.J.,  and  to  Mr.  A. 
Barthmann  of  New  York,  representing  Mr.  W.  Hackenthal  of  Berlin, 
for  particulars  of  machine  and  instrument  construction  and  loan  of 
woodcuts.  His  thanks  are  also  specially  due  to  Mr.  T.  Commerford 
Martin,  Editor  of  the  "Eleotbioal  Enqinbeb,"  New  York,  for 
statistics  concerning  the  electrical  industries  of  the  United  States,  and 
to  Mr.  F.  R.  Redpath  of  Montreal  for  the  photographs  of  the 
electric  light  plant  in  his  residence  from  which  the  engravings  thereof 
have  been  produced. 


DISCUSSION 

Mr.  I>.  A.  Sfcarr  said  the  author  had  given  oorreot  information  as  to  Mr.  Starr» 
the  weight  and  output,  etc.,  of  the  Thomson-Houston  incandesoent 
dynamo,  hut  had  made  a  mistake  in  statii^  that  the  machine  was  not 
absolutely  automatic.  The  author  had  referred  also  to  the  manner  in 
which  the  series  coils  were  wound,  the  winding  being  over  the  arma- 
ture and  not  around  the  fields.  This  was  an  invention  of  Professor 
'  Elihu  Thomson's,  whose  brother,  Mr.  F.  Thomson,  chief  electrician  of 
the  Royal  Electric  Co.,  being  present,  would,  he  thought,  be  able  to 
explain  exactly  how  the  automatic  arrangement  worked. 

Mr.  Thomson  and  he  had  recently  tested,  for  delicate  regulation,  a 
machine  of  the  kind  under  discussion,  and  the  difference  between  full 
load  and  qo  load  in  cutting  off  the  whole  of  the  lights,  on  a  150  light 
machine,  was  nothing ;  it  could  not  be  seen  on  the  lamp  that  the  current 
had  increased  by  cutting  off  the  whole  of  the  lights. 

A  volt  meter  was  put  in  the  circuit,  and  it  was  found  that  when  the 
lamps,  with  the  exception  of  one,  were  cut  off  the  machine  (150  light) 
the  pressure  dropped  5  volts  out  of  the  110  (5  per  cent.).  The  machine 
could  be  made  to  compensate  either  way  by  changing  the  series  coils. 

The  advantage  was  that  in  wiring  for  a  building  that  was  to  be 
wired  for  5  per  cent,  loss  with  the  full  number  of  lamps  burning  on  the 
circuit,  if  a  number  of  lights  were  cnt  off  the  actual  loss  was  nothing. 
The  result,  if  there  were  no  drop  in  gauge,  would  be  that  the  lamps 
would  brighten  up  that  5  per  cent. ;  but  instead,  if  there  was  a  drop,  it 
compensated  for  the  loss  in  the  wire,  and  the  lamps  were  kept  at  their 
normal  brightness  all  the  time. 

The  speaker  said  he  mentioned  this  machine  because  he  knew  it  well, 
its  perfect  automatic  regulation,  and  also  that  any  loss  could  be  made 
up  and  compensated  for.  He  did  not  think  Mr.  Lawson  had  seen  one 
of  these  machines  running  under  the  same  circumstances,  or  he  would 
be  willing  to  alter  his  opinion  and  classify  the  machine  in  his  paper  as 
being  absolutely  automatic. 

Mr.  F.  Thomson,  referring  to  the  Thomson  incandescent  dynamo,  said  Mr.  Thornton, 
that  the  reason  the  coils  were  placed  on  the  machine  in  that  peculiar 
manner  was  to  make  it  perfectly  automatic  and  to  produce  a  neutral 
point,  so  that  there  would  be  no  shifting  of  the  brushes  necessary  when 
the  load  was  charged. 
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The  maohine  coald  be  made  to  increase  or  decrease,  or  to  remain 
automatic  without  loss,  according  to  the  position  of  the  series  coil  and 
the  strength  of  the  shunt. 

When  the  maohine  was  first  constracted  for  800  lights,  some  little 
shifting  of  the  brushes  was  necessary  on  account  of  the  wire  taking  efieot 
•on  the  fields  in  the  front,  the  wire  being  so  long  ;  but  this  is  now  cor- 
rected. 

According  to  Mr.  Lawson's  remarks  on  the  Brush  macliine,  the 
exciting  current  was  22  amperes  and  135  volts,  equal  to  2970  watts  for 
1000  lights.  In  the  Thomson  machine,  manufactured  by  the  Royal 
Electric  Company  of  Montreal,  the  exciting  current  was  30  amperes 
and  90  volts,  which  would  be  2160  watts  for  1200  lights.  In  the 
Westinghouse  machine  for  1500  lights  the  exciting  current  was  14 
amperes  110  volts,  equal  to  1540  watts. 

There  must  be  somethmg  wrong  in  this.  By  referring  to  the  exciting 
current  of  the  Brush  and  Thomson  machines  it  will  be  seen  that  the 
Westinghouse  requires  just  about  half  the  watts ;  in  the  Westinghouse 
machine  the  current  passes  through  one  coil  on  the  field,  then  misses  a 
coil,  and  again  passes  through  a  third  coil,  misses  a  fourth  ;  and  then 
through  the  fifbh,  etc.  In  consequence,  there  are  practically  two 
branches  of  current,  the  second  branch  passing  through  the  second, 
fourth,  sixth,  etc.,  so  that  the  1500  light  machine  has  12  fields,  six  in 
series  and  two  in  multiple,  14  amperes  passing  through  six,  and  14 
amperes  passing  through  the  other  six,  making  in  all  28  amperes  and 
110  volts,  equal  to  3080  watts. 

A  maohine  described  in  Dredge  on  Electric  Illumination,  Vol.  I., 
page  250,  and  invented  by  a  Mr.  Lachaussie  of  Liege,  will  be  found  to 
resemble  the  Brush  alternating  machine  of  to-day  in  almost  every 
point.  With  regard  to  taking  out  a  section  of  the  armature  while  the 
Brush  machine  was  running,  the  same  thing  could  be  done  with  the 
Lachaussie  machine. 

With  reference  to  the  Fort  Wayne  meter,  he  believed  Mr.  Edison 
had  some  very  early  patents  on  motor  meters,  and  that  these  patents 
would  include  the  above  mentioned  meter  because  they  covered  broadly 
■all  motor  meters. 

He  was  sorry  the  author  had  not  compared  transformers  of  the  same 
size,  as  it  was  difficult  to  arrive  at  a  conclusion  when  comparing  various 
sizes. 

Referrmg  to  the  low  tension  dynamo :  of  course  a  machine  that  was 
perfectly  automatic  should  keep  the  same  voltage  at  any  speed  ;  he  did 
not  claim  that  the  Thomson  maohine  would  do  that,  but  it  would  give 
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any  desired  voltage  required  by  changing  the  shnnt  and  position  of  the 
series  coils,  so  that  if  a  place  was  shunt  wired  for  a  10  per  cent,  loss, 
it  could  be  made  up  at  the  dynamo,  or  any  other  loss  could  be  made  up 
in  the  same  way.  The  series  coils  could  be  placed  in  a  certain  position 
and  the  machine  would  be  perfectly  automatic,  or  it  could  be  made  to 
drop  its  voltage  when  the  lights  were  switched  off  up  to  25  per  cent. 
The  series  coils  take  direct  action  on  the  armature.  He  would  like  to 
see  the  paper  correct ;  at  present  it  was  not. 

He  admitted  the  diameter  of  armature  was  a  little  too  great  in  rela- 
tion to  length  in  some  of  the  early  large  machines. 

In  tliese  the  armature  should  have  been  longer,  but  this  has  been 
rectified  now.  In  machines  of  100  to  500  lights  the  series  coils  would 
hold  the  neutral  points  in  the  centre.  It  was  possible  by  moving  the 
series  coil  back,  if  the  lights  were  increased  on  the  machine,  to  move 
the  brushes  farther  back,  not  ahead.  The  series  coils  being  placed 
over  the  armature,  they  took  direct  effect  on  the  armature  independent 
of  the  fields. 

Mr.  A.  J.  Lawson,  replying  to  Mr.  Kimball,  said  that  the  Brush  Mr.  i^twgoB. 
alternating  current  system  at  Barrie  had  been  in  operation  since 
January  last.  There  had  been  no  accidents  there  on  account  of  the 
high  voltage.  The  only  accident  had  been  the  burning  out  of  an 
armature  coil  one  night  before  the  station  work  was  completed,  on  the 
fuses  being  put  on  the  main  wires,  through  an  arc  wire  light  coming  in 
contact  and  crossing  both  wires  out-going  and  return,  and  this  would 
have  occurred  with  any  low  tension  machine. 

The  Edison  people  had  practically  given  up  the  use  of  equalizers  in 
central  stations,  and  were  instead  interlacing  the  feeders.  Some  sta- 
tions lately  constructed  had  them  in  use,  but  the  present  rule  of  the 
Engineering  Department  was  to  interlace  the  feeders  at  all  points, 
especially  the  neutral  wires.  There  was  a  Westinghouse  arc  light 
plant  in  operation  in  Boston  in  the  City  and  Suburban  Company's 
station,  and  there  was  another  in  the  United  States  illuminating 
station  in  New  York  running  about  125  lights.  He  had  been  informed 
there  were  about  10  or  12  plants  installed  since  the  one  in  Boston  had 
commenced  running. 

Referring  to  Mr.  Thomson's  remarks  about  the  Thomson  machmei 
he  would  simply  say  that  if  the  absolute  perfection  of  regulation  claimed 
had  really  been  attained,  there  was  a  fortune  in  it  both  to  Mr.  Thomson 
and  his  Company,  for  many  had  been  striving  to  attain  perfect  regula- 
tion hitherto  without  perfect  success. 
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The  oTer-oompoandiog  of  five  Tolts  he  thought  exceasive,  aa  there 
was  very  little  lighting  done  by  isolated  plants,  which  was  not  done 
between  4.30  and  6  p.m.  in  winter,  and  5  per  cent,  loss  he  thought  in  that 
•case  was  simply  a  waste  of  coal. 

He  did  not  make  any  special  reflection  on  the  Thomson  machine  in 
stating  that  it  was  not  perfectly  automatic,  but  simply  stated  what  he 
believed  to  be  the  case,  viz.,  that  the  machine  was  not  perfectly  automa- 
tic in  regulation. 

The  paper  was  not  confined  to  a  description  of  the  construction  of 
dynamos,  and  he  had  not  therefore  gone  into  details  of  the  reasons  for 
winding  in  any  particular  way. 

With  regard  to  the  Westinghouse  machine,  the  particulars  given  had 
been  obtained  from  the  superintendent  of  the  Westinghouse  Electric 
Co.,  and  he  had  found  the  figures  given  to  be  correct. 

In  describing  the  Brush  machine  as  a  departure  from  the  ordinary 
types  of  machines  constructed  in  America,  he  had  said  only  what  was 
correct.  To  call  the  Brush  alternating  current  dynamo  an  old  form  of 
machine  was  wide  of  the  mark.  One  might,  with  more  reason,  call 
the  Thomson-Houston  alternating  machine  simply  a  Westinghouse 
alternator,  because  the  construction  was  practicaUy  the  same.  Another 
thing,  there  was  no  iron,  and,  therefore,  entire  absence  of  treating 
effect  due  to  iron  in  the  armature  of  the  Brush  alternating  machines. 

He  had  given  the  Thomson  machine  credit  for  being  better  regulat. 
ing  than  the  Edison,  but  he  could  not  see  that  any  machine  was  yet 
perfect ;  and  as  regards  the  construction  of  the  machine,  there  were 
reasons  occurring  to  him  why  there  should  be  a  waste  of  magnetism  in 
the  machine  with  the  stationary  coils  in  any  position.  Taking  the 
larger  machine,  a  change  of  brushes  was  necessary.  In  some  of  the 
later  English  machines,  without  placing  the  coils  in  such  a  manner  as 
Mr.  Thomson  did,  by  particular  attention  to  the  relative  dimensions  of 
the  armature  and  of  the  field,  the  position  of  the  brushes  did  not  require 
to  be  altered  under  large  changes  in  load. 

In  the  construction  of  the  armature  of  the  Thomson -Houston  machine 
he  thought  Mr.  Thomson  would  admit  that  the  diameter  of  his  arma- 
ture was  too  groat  in  relation  to  its  length,  especially  in  some  of  the 
larger  machines. 

In  such  construction  there  was  a  quantity  of  dead  wire  at  the  ends. 
With  the  same  diameter  and  greater  length  the  output  could  be  in- 
creased while  the  speed  would  be  somewhat  lower. 


Thursday,  22nd  May. 

J.  Kennedy,  Vioe-President,  in  the  Chair. 

The  following  candidates  having  been  balloted  for  were  declared 
duly  elected  asT:— 

Members. 

Octave  Chandtk,  John  Williams. 

Associate  Member. 

Walter  Coxstantine  Baouoii, 

Associate. 

Leonce  Francois  LrDovic  Stein, 

Students. 

Oscar  Arcand,  Bartlett  McLennan, 

Thomas  Ross  Deacon,  Thomas  McLeod, 

James  Atkinson  Douolas,  John  Rankin,  Jun  , 

Andrew  Lane,  Arnold  J.  Ryan. 

The  following  has  been   transferred   from   the   Class   of  Associate 
Members  to  that  of  Members  : — 

Reuben  Wells  Leonard. 

The  discussion  of  Mr.  A.  J.  Lawson's  paper  on  the  "  Generation, 
Distribution  and  Measurement  of  Electricity  for  Light  and  Power, 
etc./'  occupied  the  evening. 
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INSTRUCTIONS  FOR  PREPARING  PAPERS,  ETC. 

In  writing  papers,  or  discussions  on  papers,  the  use  of  the  first  per- 
son should  be  avoided.  They  should  be  legibly  written  on  foolscap 
paper,  on  one  side  only,  leaving  a  margin  on  the  left  side. 

Illustrations,  when  necessary,  should  be  drawn  on  tracing  paper  to  as 
small  a  scale  as  is  consistent  with  distinctness.  They  should  not  be 
more  than  10  inches  in  height,  but  in  no  case  should  any  one  figure 
exceed  this  height.  Black  ink  only  should  be  used,  and  all  lines,  letter- 
ing, etc.,  must  be  clear  and  distinct. 

When  necessary  to  illustrate  a  paper  for  readmg,  diagrams  must  be 
iurnished.  These  must  be  bold,  distinct  and  clearly  visible  in  detail  for 
a  distance  of  thirty  feet. 

Papers  which  have  been  read  before  other  Societies,  or  have  been 
published,  cannot  be  read  at  meetings  of  the  Society. 

All  communications  must  be  forwarded  to  the  Secretary  of  the  Society, 
from  whom  any  further  information  may  be  obtained. 

The  attention  of  Members  is  called  to  By-laws  39  and  40. 


Thursday,  9th  Octob<>r. 
P,  A.  PETERSON,  Member  of  Council,  in  the   Chair. 

Paper  No.  44. 

DEVELOPMENTS  IN  TELEGRAPHY : 

WAT-WIRES   MULTIPLEXED  AND   INTERCHANGEABLE. 

By  D.  H.  Kbelby,  A.  M.  Can.  Soo.  C.E. 

The  title  of  this  paper  is  so  comprehensive  that  it  might  be  supposed 
the  writer  purposed  giving  a  Timini  of  all  that  has  been  attempted  in 
the  way  of  signalling  since  the  word  ttlegraph  was  first  coined  and 
found  place  in  our  vocabulary.  It  may  be  well  therefore  to  state  at 
the  outset  that  it  is  only  intended  to  deal  with  the  subject  of  telegraphy 
in  its  present  stage,  introducing  just  enough  of  retrospect  to  show  the 
drift,  so  far,  of  successful  research  in  lines  that,  if  foDowed  up,  will  carry 
us  to  the  realization  of  perfection  in  the  art ;  and  that  is  nothing  short 
of  the  complete  utilization,  with  the  utmost  economy,  of  the  capacity  of 
a  line  wire  for  the  transmission  of  electrical  effects. 

Telegraph  apparatus,  and  systems  of  telegraphy,  have  been  so  rapidly 
multiplied  that  scores  of  volumes  and  text-books  are  extant  devoted 
exclusively  to  their  treatment,  either  specifically  or  generally,  and  the 
student  in  wading  through  them  finds  difficulty  in  reconciling  the  idea 
of  advancement  with  the  circumstance  that,  whereas  indisputable  and 
important  properties  of  conductivity  and  electro-magnetism  were  early 
discovered,  the  inventions  from  time  to  time  introduced,  instead  of  aim- 
ing to  more  and  more  fully  utilize  these  properties,  appear  to  have  been 
designed  to  do  in  different  ways  just  what  had  already  been  accom- 
plished in  the  absence  of  a  clear  recognition  of  the  possibilities  attainable. 

Supposing,  however,  for  the  sake  of  convenience,  that  two  well- 
established  facts — the  cderity  of  condueHvity^  and  the  diverse  prO' 
perties  of  electro-magnetUm — ^were  ever  held  in  mind  by  the  workers 
in  this  fi^l^>  it  will  be  possible  to  discriminate  between  the  different 
systems  that  have  been  brought  forward. 


244  Keeley  on  Developments  in  Telegraphy. 

There  are  those,  in  that  case,  that  have  been  designed  to  utilize  the 
capacity  of  a  line  wire  for  the  rapid  transmission  of  electrical  effects ; 
they  may  be  comprehensively  designated  Simple  Circuit  &/8tenu.  And 
there  are  those  that  have  been  designed  to  utilize  the  diverse  properties 
of  electro-magnetism,  in  which  the  use  of  auxiliary  circuits  is  necessary; 
they  may  be  described  as  Complex  Circuit  Systems. 

With  this  division  in  mind,  it  will  occur  to  those  conversant  with 
the  subject,  that  whatever  progress  has  so  far  been  made  in  the  field  of 
telegraphy  is  referable  to  the  Complex  Circuit  Systems,  comprehending 
the  various  methods  for  duplex  and  quadruplex  transmission ;  while 
the  obviously  more  far-reaching  province  of  the  Simple  Circuit,  which 
embraces  several  automatic  and  synchronous  systems,  has  been  com- 
paratively neglected,  and,  although  extensively  experimented  in  with 
splendid  success,  has  never  been  developed  in  a  measure  to  surpass  the 
performance  of  its  original  arrangement  constituting  the  ordinary  Morse 
telegraph  of  forty  years  ago. 

As  this  unique  system,  the  Morse,  is  still  universally  in  use,  and  a 
great  deal  depends  upon  its  existence,  it  will  be  profitable  to  review  it 
before  proceeding  further,  for  anything  so  old  in  the  history  of  an  art  as 
this  system  is  in  telegraphy  must  have  some  remarkable  features  to 
recommend  it. 

Like  the  proverbial  law  that  ^^  holds  good,"  the  Morse  has  nine  points 
that  defies  its  dispossession  of  the  field  : — 

1.  The  transmitter  is  a  single  contact  key.  The  limit  to  speed  is 
the  physical  possibility  of  an  operator's  manipulation,  and  the  matter 
to  be  transmitted  needs  no  special  preparation. 

2.  The  receiving  instrument  is  simply  an  electro-magnet,  the  armature 
of  which  directly  reproduces  the  movements  of  the  transmitting  key  i 
and  the  immediate  transcription  of  the  operator  is  in  proper  shape  for 
delivery. 

3.  The  receiving  instrument  being  electro-mechanical,  an  auto^uatio 
repetition  of  transmitted  signals  from  one  circuit  to  another  is  readily 
obtained. 

4.  The  circuit  current  is  supplied  from  batteries  at  one  or  both  of 
the  termmal  offices. 

5.  There  may  be  any  number  of  offices  on  a  single  wire,  the  only 
limit  being  the  accommodation  for  traffic ;  and  any  number  of  the  inter- 
mediate or  way  offices  may  be  in  or  out  of  circuit  without  affecting  the 
operation  of  the  others. 

6.  The  way  offices  are  not  called  upon  to  contribute  battery  current 
to  the  main  circuit. 
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7.  The  wire  can  be  earthed  at  any  point,  thereby  forming  two 
separate  circuits  firom  earth  to  the  respective  terminal  offices;  each 
circuit  being  operative  for  all  of  the  offices  included  in  it. 

8.  At  any  way  office,  one  wire  can  be  switched  to  connect  with 
another,  the  equipment  of  the  lines  being  uniform. 

9.  The  last  and  very  important  feature  is,  that  in  the  act  of  trans- 
mission, substitution  of  messages  or  interruptions  by  the  receiving 
operator,  or  by  any  other  in  the  circuit,  can  be  eflfected  instantly. 

These  are  the  nine  points  of  advantage  that  distinguish  the  slow  old 
Morse,  and  these  are  the  advantages  that  render  it  as  yet  pre-eminent 
and  indispensable. 

There  b  no  other  system  possessing  all  of  these  features,  consequently 
there  is  none  other  equally  advantageous.  And  it  is  clear  that  if  the 
usefulness  of  a  wire  is  to  be  enhanced,  its  equipment  should  have  in  its 
composition  the  means  for  affording,  in  each  separate  line  of  communica- 
tion, the  facilities  of  the  single  Morse  circuit. 

It  is  found,  however,  on  examination,  that  this  great  desideratum  has 
not  been  secured  in  any  of  the  various  methods  that  have  heretofore 
been  invented  for  the  purpose  of  increasing  the  practical  utility  of  the 
wire.  [It  is  important  to  bear  this  circumstance  in  mind  in/ollowii^ 
this  paper  to  its  conclttsion.'] 

In  reviewing  the  field  of  telegraphy  it  will  be  convenient  to  consider 
first  the 

SIMPLE  CIRCUIT  SYSTEMS. 

From  time  to  time,  dating  from  an  early  period  in  the  history  of  our 
telegraphs,  attempts  have  been  made  with  more  or  less  success  to  trans- 
mit signals  by  means  of  automatic  make  and  break  devices,  perforated 
strips  and  the  like,  and  to  effect  their  reproduction  by  the  action  of 
the  current  impulses  upon  moving  strips  of  chemically  prepared  paper. 
The  speed  attained  has  not  unfrequently  been  marvellous  and  fairly 
incredible. 

Without  entering  into  a  discussion  of  what  may  or  may  not  have 
been  the  conditions  of  the  circuits  at  times  so  successfully  operated,  it 
will  suffice  to  state  that  the  performance  of  these  systems  was  not  uni- 
formly good  and  reliable. 

Theoretically,  any  one  of  these  systems  would  utilize  the  signalling 
capacity  of  a  wire  to  its  fullest  extent.  An  ahnost  inconceivably  rapid 
succession  ofm^kes  and  breaks  at  the  transmitting  end  of  the  line  will 
produce  a  corresponding  number  of  dots  or  dashes  on  the  recording  strip 
at  the  receiving  end.  And,  since  the  current  can  effect  chemical 
decomposition  in  a  very  much  shorter  time  than   it  can  produce  the 


246  Kedey  on  Developmenta  in  Tdegraphy. 

manifeBtation  of  magnetism,  it  is  obvious  that  the  same  speed  could 
not  be  attained  by  any  arrangement  of  electro-magnets. 

This  will  be  understood  in  view  of  the  fact  that  a  tel^aphline  300 
miles  long  is  capable  of  transmitting  about  1125  distinct  electro- 
chemical effects  per  second.  By  an  effect  is  meant  the  manifestation 
at  the  receiving  end  of  the  application  or  the  withdrawal  of  current  at 
the  sending  end.  In  a  Morse  operator's  fastest  manipulation  (40  words 
per  minute),  there  are  produced  but  24  electro-magnetic  effects,  or  an 
equivalent  of  12  dot  signals  per  second. 

At  first  sight,  then,  it  would  appear  that  an  automatic  system  of  the 
kind  described,  made  reliable,  would  fill  every  requirement,  and  afford 
us  in  a  single  circuit  the  accommodation  for  which  we  are  accustomed 
to  employ  a  score  or  more  of  wires.  Such  is  not  the  case  in  pracdoe, 
however,  and  it  is  the  discovery  of  its  innate  shortcomings  and  com- 
parative inutility  that  has  caused  attention  to  drift  away  from  the 
electro-chemical  circuit. 

The  characteristic  and  maybe  inseparable  conditions  most  palpably 
disadvantageous  to  all  of  the  automatic  systems  are  that: 

The  matter  to  be  tel^aphed  must  be  translated  or  specially  pre- 
pared for  transmission,  and  on  its  reception  has  to  be  retranslated  for 
delivery.  The  collective  preparation  of  a  large  amount  of  matter  pre- 
cludes the  practicability  of  giving  precedence  to  any  single  despatch  on 
occasion.  The  signalling  current  emanates  from  the  sending  end  alone ; 
consequently  the  corresponding  offices  must  take  turn  about  in  trans- 
mitting, and  there  is  no  accommodation  for  way  offices  unless  equipped 
as  terminal  stations,  which  they  are  in  fact  constituted  when  in  opera- 
tion. 

Besides  these  drawbacks  to  the  automatic  ^stems,  there  is  the  una- 
voidable nuisance  of  the  paper  tapes  used  at  both  the  transmitting  and 
receiving  ends  of  the  line.  When  the  Morse  system  was  developed  to 
that  stage  where  the  single  tape  at  the  receiving  end  was  dispensed 
with,  a  sigh  of  relief  went  up  from  every  quarter  where  the  business 
was  of  sufficient  volume  to  produce  an  accumulation  of  the  stuff  in  the 
course  of  a  few  hours  work.  The  automatic  in  this  respect  is  a  retro- 
grade system ;  in  its  working  the  paper  tapes  form  the  most  important 
feature ;  the  perforated  and  the  marked  material  rapidly  accumulates, 
and  if  fyled  for  purposes  of  reference  it  is  difficult  to  get  at  any  particu- 
lar despatch,  and  no  part  of  one  can  be  so  readily  recognised  as  the 
easily  fyled  manuscript  of  despatches  sent  or  received  by  the  Morse  sys- 
tem. 

In  fine,  it  has  been  found  that  the  automatic  systems  cannot  be 
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advaDtageonsly  operated,  and  the  extreme  rapidity  of  tlie  chemioal 
apparatus  is,  therefore,  rendered  practically  unavailable. 

The  nearest  approach  that  has  been  made  to  a  realization  of  the 
expectations  reasonably  entertained  of  the  electro-chemical  systems  is 
the  performance  of  the  Wheatstone  Automatic.  This  system  is  a  sort 
of  compromise  between  the  electro-chemical  and  the  ordinary  Morse. 
Its  transmitter  is  essentially  the  same  as  those  employed  in  the  other 
automatic  systems,  while  its  receiver  is  electro-magnetic.  The  speed 
attained  is  of  course  much  lower  than  that  of  the  chemical  apparatus, 
yet  it  is  remarkably  high  compared  with  the  work  of  a  directly  mani- 
pulated Morse  circuit.  It  has  already  been  stated,  that  in  the  opera- 
tion of  an  electro-chemical  system,  1125  effects  can  be  produced  per 
second,  and  of  the  Morse  system,  24 ;  with  the  Wheatstone  system  the 
rate  attainable  is  as  high  as  386  electro-magnetic  effects  per  second. 
In  common  with  the  other  automatic  systems,  however,  it  has  the  already 
defined  drawbacks  rendering  its  general  application  impracticable. 

Several  printing  sysstems  have  been  brought  forward  but  have  not 
scored  any  great  success.  The  chief  defect  in  these  is  that  the  signal- 
ling medium  is  necessarily  idle  during  the  time  that  the  mechanism 
operates  to  present  successively  the  characters  called  for  by  the  trans- 
mitter. With  these  therefore  only  a  part  of  the  signalling  capacity  of 
the  wire  is  utilized,  and  a  very  high  speed  is  obviously  unattainable. 

Another  phase  of  simple  circuit  operation  is  presented  in  the  systems 
that  have  been  devised  to  transfer  the  line  wire  from  one  apparatus  to 
another  successively  at  both  ends  of  the  circuit,  and  thus  afford  for 
each  corresponding  set  an  intermittent  connection  so  rapidly  recurring 
as  to  constitute  a  practically  continuous  one. 

For  a  long  time  after  the  idea  of  these  systems  was  suggested,  it  was 
considered  impracticable,  in  consequence  of  the  difficulty  of  obtaining 
the  requisite  perfect  and  continuous  synchronous  action  of  the  machin- 
ery at  either  end  of  the  line.  In  1883,  however,  that  difficulty  was  got 
over  by  the  adaptation,  in  Mr.  DeUney's  synchronous  multiplex,  of  the 
phonic  wheel,  a  species  of  electro-niotor ;  and  more  recently  Lieut.  Pat- 
ten has  succeeded  in  adapting  an  alternate  current  motor  for  the  same 
purpose.    (See  the  Electrical  World,  Vol.  XIII,  p.  106.) 

Delaney*s  multiplex  comprises  the  best  features  of  all  of  the  syn- 
chronous systems  that  preceded  it.  He  has  succeeded  in  getting  with 
it  six  circuits  suitable  for  the  fastest  Morse  transmission.  It  is  in  oper- 
ation on  some  lines  in  England  and  in  the  United  States.  The  utility 
of  this  system,  however,  is  limited  in  consequence  of  some  very  serious 
defects  that  will  be  specifically  dealt  with  later  on. 
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We  now  oome  to  a  oonsideratioD  of  the 

OOMPLEX  CIROaiT  SYSTEMS. 

The  possibility  of  simultaneous  transmission  in  opposite  directions 
through  a  single  wire  was  an  early  oonoeption,  but  it  was  not  until  1872 
that  the  idea  found  practical  application. 

As  soon  as  the  principle  became  generally  known  and  understood, 
the  Duplex,  as  it  is  called,  was  introduced  in  multifarious  forms.  Its 
principle  is  a  prolifically  suggestive  one,  and  in  one  form  or  other  it 
is  now  found  in  operation  wherever  the  traffic  between  any  two  stations 
is  of  considerable  volume. 

Of  all  the  systems  for  duplex  telegraphy  that  are  in  existence, 
however,  there  is  but  one — a  somewhat  recently  introduced  combination 
of  telegraphic  and  telephonic  apparatus — practically  applicable  to  way 
stations.  The  reason  for  this  is  that  the  duplex  depends  for  its  opera- 
tion upon  devices  for  neutralizing  the  effect  of  outgoing  currents  in  tiie 
receiving  instruments,  while  leaving  the  latter  free  to  respond  to  incom- 
ing currents.  This  necessitates  the  placing  of  main  line  batteries  at 
each  transmitting  station,  an  arrangement  that  is,  as  already  explained, 
impracticable  for  way  offices,  especially  on  lines  of  any  considerable 
length. 

The  Qua^n(p/6X— an  arrangement  of  apparatus  for  double  transmis- 
sion in  opposite  directions — first  appeared  in  practicable  shape  in  1874. 
It  is  essentially  an  adaptation  of  the  duplex  principle  ;  a  combination, 
as  it  were,  of  two  duplexes.  There  are,  however,  only  four  forms  of 
the  duplex  susceptible  of  being  so  adapted.  These  are  the  Differential, 
Bridge,  Split-battery,  and  Reciprocal  (the  last  mentioned  is  described 
in  the  U.  S.  patent  No.  331,975  granted  to  the  writer  conjointly  with 
Mr.  Aaron  Garvey  in  1885).  For  the  exchange  of  business  between 
centres  where  the  wires  are  constantly  occupied,  the  quadruplex,  in  one 
or  other  of  its  forms,  is  now  extensively  used  all  the  world  over. 

The  general  features  of  the  quadruplex  may  be  stated  to  consist  in 
means  for  neutralizing  the  effect  of  the  outgoing  currents  in  the  receiv- 
ing instruments,  and  for  effecting  the  production  of  signals  on  one  side 
by  increase  and  decrease  of  current,  and  on  the  other  side  by  reversals 
of  this  current ;  or,  as  in  the  Ecciprocal  system,  by  currents  of  a  giyen 
strength  on  the  one  side  and  heavier  currents  of  the  same  polarity  on 
the  other  side. 

Attempts  have  frequently  been  made  to  apply  these  means  for  the 
production  of  a  Sextuplex  system ;  but  the  greater  necessity  for  special 
devices  such  as  are  used  in  the  quadruplex  to  obviate  interference  of 
the  effects  of  the  current  of  one  side  with  the  other,  involves  so  great 
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an  amount  of  complioation  and  maohinery  as  to  render  the  idea  imprac- 
ticable. 
The  inherent  defects  of  the  several  qnadmplex  systems  consist  in : — 

1.  The  receiving  instrument  is  in  every  instance  dependent  for  its 
energization  upon  the  battery  at  the  transmitting  station.  This  neces- 
sitates nice  adjustment  on  the  one  hand  and  extraordinarily  heavy 
currents  on  the  other. 

The  fine  adjustment  of  the  receiving  instrument  exposes  it  to  the  influ- 
ence of  induction  ftom  strong  currents  transmitted  from  the  same  end 
in  wires  running  parallel  to  its  circuit.  And  the  heavy  currents  trans- 
mitted to  effect  the  receiving  instruments  occasion  the  same  mischiev- 
ous induction  effects  in  other  circuits  adjacent. 

Owing  to  these  conditions  it  is  a  matter  of  considerable  difficulty  to 
keep  the  apparatus  in  working  order. 

2.  There  is  no  means  for  including  intermediate  offices  in  circuit. 

3.  One  receiving  operator  is  unable  to  interrupt  his  correspondent 
without  interrupting  the  other  two  operating  on  the  same  side.  That 
is  what  occurs  in  each  of  the  duplexes ;  each  of  which  has  four  oper- 
ators,— a  sender  and  a  receiver  at  each  end.  Hence,  of  4  or  8  operators 
at  work  on  one  wire,  three  are  handicapped  if  the  fourth  be  inexpert ; 
and  it  has  thus  become  necessary  to  detail  the  best  available  operators 
for  duty  on  duplex  and  quadruplex  circuits. 

With  these  facts  before  us  we  can  readily  understand  the  fairness 
of  its  being  estimated,  that  the  value  of  a  duplex  circuit  is  about  90 
per  cent.,  and  a  quadruplex  circuit  about  75  per  cent.,  that  of  a  simple 
Morse  line  between  any  two  stations.  In  other  words,  a  quadruplex  is 
only  about  as  good  as  three  straight  Morse  circuits.  And  we  can  see, 
too,  in  the  light  of  these  facts,  how  very  far  these  multiple  circuit 
systems  have  fallen  short  of  the  advantages  of  the  simple  Morse  circuit 
set  forth  in  the  beginning  of  this  paper.  At  the  same  time,  it  will  be 
remarked  that  the  work  done  in  respect  of  these  systems  has  been  one 
of  steady  development  and  extensive  application  in  practice;  they 
have  been  brought  to  that  stage  where  all  but  their  inherent  defects 
are  eliminated,  and  we  perceive,  in  view  of  the  already  mentioned  sig- 
nalling capacity  of  a  line  wire,  that  the  principles  underlying  them  are 
not  the  correct  ones  on  which  an  ideal  system  can  be  based. 

THB  SYSTEMS  COMPARED. 

To  get  at  a  clear  idea  now  of  the  comparative  value  of  the  different 
systems,  we  can  admit  a  Tnaximum  of  efficiency  in  each  case— -crediting 
the  quadruplex,  for  example,  with  the  full  value  of  4  Morse  circuits 
— and  set  down  the  highest  rates  of  transmission  quoted  in  works  in 


250  Kedey  on  Devdopmenta  i/n  Telegraphy, 

which  they  are  Bpecifically  treated.     By  clasBifyiDg  them  as  hereunto 
we  oao  readily  perceive  how  they  stand. 

Siogle  Circuit — Manipulated,  Rate  Per  Minute. 

liorse 40  words. 

Type  Writing  (Hughes  or  Phelps) 50    " 

Synchronous  Multiplex  (6  circuits  X  40=)   240    '' 
Single  Circuit — AutamaUc. 

Electro-Chemical 1500    " 

Electro-Magnetic  (Wheatstone) 428    " 

Complex  Circuit — Manipulated, 

Duplex (2x40=.) 80    " 

Quadruplex (4x40  =) 160    " 

Leaving  aside  the  question  of  the  practical  availability  of  the  electro- 
chemical method,  we  have  seen  that  the  value  of  its  remarkably  high 
speed  is  reduced  by  the  necessity  for  dual  translation  of  the  matter 
transmitted ;  the  same  is  true  of  the  Wheatstone  Automatic,  the  next 
highest  in  point  of  signalling  capacity. 

Of  the  systems  operated  by  direct  manipulation,  the  simple  Morse  is 
the  only  one  of  general  utility.  The  others  are,  as  has  been  pointed  out, 
only  adaptable  to  termmal  stations ;  of  these  latter,  however,  the  syn- 
chronous multiplex  is  shown  to  have  the  greatest  efficiency.  It  is  be- 
sides a  simple  circuit  system,  and  the  nearest  of  any  akin  to  the  simple 
Morse. 

The  indications  are  therefore  very  clearly  defined,  that  the  principle 
upon  which  the  synchronous  multiplex  is  based  is  the  correct  one  to  fol- 
low up,  with  a  view  to  the  iull  utilization  of  the  line  wire. 

We  can  now  with  advantage  revert  to  a  consideration  of  that  princi- 
ple, and  in  due  course  it  will  transpire  how,  by  properly  applying  it,  we 
can  create  a  perfect  system  of 

MULTIPLE  OIROUITS. 

If  a  moment's  consideration  is  given  to  the  fact,  that  the  signals 
transmitted  by  an  operator  on  a  Morse  wire  are  made  up  of  dots,  dashes, 
and  spaces,  it  will  be  perceived  that  there  are  in  these  several  conditions 
certain  periods  of  rest.  When  the  key  is  open  (spacing  for  instance), 
the  circuit  is  fdlfilling  no  Amotion.  Can  this  period  be  taken  advantage 
of,  and  the  line  wire  for  the  time  of  its  duration,  however  short,  be 
transferred  to  complete  a  circuit  with  other  sets  of  apparatus? 

That  is  the  question  on  which  the  operation  of  the  synchronous  mul- 
tiplex hinged,  and  it  has  been  answered  affirmatively. 

To  get  at  an  understanding  of  it,  the  action  of  the  current  upon  the 
electro-magnet  must  be  considered. 
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It  is  evident  the  magnetism  developed  in  the  iron  core  by  the  action 
of  the  current  does  not  appear  and  disappear  in  its  greatest  strength 
abruptly ;  there  must  be  a  rise  and  a  fall  to  it.  Some  time  is  taken  for 
the  magnetism  to  develop  after  the  current  is  applied,  and  some  time 
is  taken  for  the  magnetism  to  die  away  after  the  current  is  withdrawn. 
There  is  as  it  were  a  residual  magnetism  in  the  core  for  a  brief  period 
after  the  current  is  withdrawn.  And  it  further  appears  that  the  stronger 
the  current  is  the  longer  will  the  residual  magnetism  last.  If  the  arma- 
ture of  the  electro-magnet  were  arranged  to  respond  to  the  effect  of  a 
weak  current,  and  a  strong  current  were  applied,  it  is  evident  the  arma- 
ture would  remain  attracted  for  some  time  after  the  current  was  with- 
drawn. If  the  current  were  withheld  for  a  brief  space  the  armature 
would  fall  away  ;  but  if  the  current  were  re-applied  very  quickly,  the 
electro-magnet  would  become  re-energized  before  the  armature  would 
have  had  time  to  fall  away.  Hence,  by  alternately  applying  and  with- 
drawing the  current  very  rapidly,  the  electro-magnet  would  appear  to 
be  influenced  by  a  continuous  instead  of  an  intermittent  current. 

Now,  that  being  the  case,  it  is  evident  that  a  number  of  points  in  a 
circle  might  be  made  the  terminals  of  conductors  leading  to  the  electro- 
magnet, and  a  revolving  arm  successively  touching  these  points  might 
be  the  means  of  communicating  the  current  to  it.  In  that  case  it  would 
only  be  necessary  to  apply  the  current  to  the  arm  in  order  to  actuate 
the  electro-magnet.  And  if  between  these  several  points  another  set 
of  points  is  placed  and  put  in  connection  with  a  second  electro-magnet, 
this  one  would  be  actuated  in  like  manner  to  the  first,  and  so  on,  until 
the  entire  space  of  the  circle  were  occupied  and  a  considerable  number 
of  instruments  could  be  actuated. 

Now,  if  a  similar  arrangement  of  electro-magnets  and  contact  points 
is  placed  at  a  distant  station,  and  the  revolving  arms  are  synchronized 
and  connected  together  by  a  line  wire  reaching  from  one  to  the  other, 
the  line  wire  becomes  a  practically  permanent  conductor  common  to  all 
of  the  electro-magnets,  and  yet  it  is  only  in  connection  with  the  several 
pairs  of  them  one  at  a  time,  so  that  signals  might  be  exchanged  between 
any  two  corresponding  sets  without  any  reference  whatever  to  the  others. 

Whether  this  could  be  realized  in  practice,  was  what  Mr.  Delaney 
and  others  before  him  sought  to  ascertain  in  the  working  of  their  re- 
spective systems.  'We  have  seen  the  outcome  of  it  in  the  synchronous 
multiplex,  and  the  result  is  very  satisfactory.  It  is,  however,  not  nearly 
so  efficient  as  it  was  expected  to  prove. 

In  the  Ehctrical  World,  Vol.  II.,  No.  18,  of  Dec.  29, 1883,  and  Vol. 
VI.,  No.  20,  of  14th  Nov.,  1885,  wi  11  be  found  illustrated  articles  fully 
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explanatory  of  the  original  system  and  its  improvements.  These  articles 
can  be  consulted  for  details;  it  answers  our  present  purpose  to  have 
gleaned  the  following  facts : — 

1.  The  receiving  instruments  are  actuated  by  currents  emanating 
from  the  sending  end  alone.  Hence  the  system  is  only  applicable  to 
terminal  stations. 

2.  It  is  necessary  to  afford  to  each  operator  34  contacts  per  second 
with  the  line  wire,  in  order  to  enable  him  to  transmit  with  the  same 
facility  as  on  an  ordinary  circuit.  This  is  practically  equivalent  to  3 
contacts,  or  3  impulses  of  current  per  dot  signal. 

3.  The  operation  is  confined  to  lines  not  exceeding  100  miles  in 
length. 

With  these  facts  before  us  we  perceive  that  the  synchronous  multi- 
plex, according  to  Mr.  Delaney's  invention,  is  deficient  in  two  impor- 
tant respects;  its  application  is  limited,  and  it  does  not  economically 
utilize  the  signalling  capacity  of  the  line  wire. 

We  have  not  to  go  very  far  to  ascertain  the  causes  that  produce  these 
restrictions. 

In  several  of  the  text-books  the  laws  governing  the  transmission  of 
currents  are  fully  set  forth.  Take  for  instance  the  work  of  Geo.  B. 
Prescott,  1885,  Vol.  I,  wherein  it  is  shown  (see  note  page  260)  that  the 
time  required  to  actuate  an  electro-magnet  is  about  directly  proportional 
to  the  length  of  the  conductor  and  inversely  proportional  to  its  conduc- 
tivity. An  actual  experiment  is  cited,  p.  395,  whereby  it  was  ascer- 
tained that  on  a  No.  8  iron  wire  300  miles  long,  a  Hughes  (polarized) 
electro-magnet  was  actuated  in  -003=  ^|j  of  a  second ;  while  for 
an  unpolarized  electro-magnet  the  time  required  is  stated  to  be  '01 
=  yjj  of  a  second. 

By  calculation  in  accordance  with  these  premises,  it  appears  a  length 

of  100  miles  of  No.  6  iron  wire  (the  size  generally  used  for  multiple 

circuit  lines)  is  capable  of  producing  a   signal  in  '0022=  ^J^  of  a 

second  on  a  receiver,  f  such  as  is  used  in  the  Delaney  system.     Here 

are  the  figures: — 

No.  8  No.  6 

Lengths  300  100)        ...^.  . -0022-    i        ^ 

Resistances     1292        :       8*54  f       '    "^  *    ""^^—45* 


t  As  the  Hugbee'  apparatus  already  mentioned  is  not  adaptable  for  general 
signalling  purposes,  and  the  polarized  instruments  in  use,  such  as  the 
Siemens  relaVi  have  practically  about  the  same  celerity  of  action  as  an 
unpolarized  electro-magnet,  the  time  required  to  produce  a  signal  on  an 
unpolarized  magnet  on  the  300  mile  line^  viz.,  *01  sec.,  is  obviously,  for  pur- 
pose of  comparison,  the  proper  quantity  to  consider. 
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Now,  on  referring  to  the  descriptive  articles  already  mentioned,  it  is 
seen  that  Mr.  Dehtney's  apparatus  comprehends  7  circuits  (six  signal- 
ling, and  one  corrective  of  the  synchronism)  of  12  contacts  each ;  in 
all  (12x7  =  )  84  line  contact  points.  These  84  line  contacts  are 
alternately  disposed  with  an  equal  number  of  contact  points  connected 
to  earth,  which  serve  to  partially  discharge  the  line  between  the  suc- 
cessive transmissions  of  current,  so  there  is  altogether  168  contact 
points  or  *^  plates,"  as  they  are  generally  called,  in  the  circle  traversed 
by  the  line  brush. 

Suppose  the  parts  to  be  of  the  following  demensions  : — 

Inches.  Total. 

Line  plates,  each  J  =  .25  in.  x  84  =  21.0 

Earth     "       "  i=  .25  "    x  84  -  21.0 

Spaces  between  ditto      ^^=.025"   xl68=     4.2  =  46.2 

The  circumference  of  the  circle  is  in  this  case  46.2  inches,  and  as  it 
is  traversed  by  the  line  brush  2  i  times  in  a  second,  it  follows  that 
a  distance  of  (46.2  x  2.83  =  )  130.75  inches  per  second  is  covered. 

Now,  as  the  length  of  time  occupied  by  the  brush  in  passing  over  a 
given  line  plate  is  the  exact  measure  of  the  duration  of  contact  made 
with  the  battery,  for  the  transmission  of  a  current,  it  is  evident  that 
(since  130.75  :  '25  ::  1  :  '0019)  the  current  is  in  each  instance  pre- 
sented to  line  for  only  (•  0019=)  yj  ^  of  a  second. 

Again,  it  will  have  been  noticed  in  following  these  calculations,  that 
with  a  given  speed  of  rotation  of  the  line  brush,  the  width  of  the  plates 
determines  the  length  of  time  the  current  is  put  to  line.  This  being 
the  case,  it  is  obvious  that  when  the  brush  is  passing  over  an  earth 
plate,  the  line  is  fulfilling  no  function,  it  is  idly  discharging;  con- 
sequently, with  this  arrangement  the  line  is  half  of  the  time  idle 
and  its  theoretical  capacity  is  utilized  to  the  extent  of  less  than  50  per 
cent.,  the  insulation  wedges  between  the  line  and  earth  plates  occa- 
sioning the  slightly  further  loss. 

That  this  disadvantage  is  inseparable  from  the  Eiystem  is  evident, 
for  the  discharge  of  a  line  is  always  slower  than  the  charge,  and  it  is 
necessary  in  this  system  to  obviate  the  possibility  of  an  appreciable 
part  of  the  charge  due  to  the  transmission  of  a  signal  between  one 
pair  of  corresponding  plates  being  communicated  to  the  electro-mag- 
nets connected  with  the  next  succeeding  pair. 

There  is  in  the  foregoing  figures,  too,  an  explanation  of  the  other 
deficiency  of  the  system.  The  apparatus  in  operation  transmits  cur- 
rents of  only  .0019  sec.  duration;  we  have  seen  elsewhere  that  the 
time  required  to  produce  a  signal  (that  is,  to  effect  a  full  attraction  and 
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moyement  of  the  armature  of  the  reoeiviDg  inBtrament)  on  a  line  of 
100  miles  of  No.  6  iron  wire  is,  by  calcalation,  .0022  sec.  The  differ- 
ence is  so  small  that  the  figures  may  be  said  to  agree.  However,  it  is 
evident  the  transmitted  current  is  barely  sufficient  to  produce  an 
effect ;  and,  as  the  length  of  time  required  to  produce  a  signal  increases 
with  the  length  of  the  conductor,  it  can  be  readily  understood  why  the 
operation  of  the  system  is  confined  to  comparatively  very  short  circuits. 
With  the  synchronous  multiplex  before  us,  its  deficiencies  discovered, 
and  the  causes  thereof  traced  to  an  arithmetical  certainty,  it  is  an  easj 
matter  to  define  what  the  requisites  are  to  produce  an  ideal  system  :— 

1.  The  receiving  instruments  should  be  made  responsive  to  single 
pulsations  of  an  ordinary  strength  of  current,  so  as  to  be  independent 
of  intermittances.  This  would  economize  the  signalling  capacity  of 
the  line. 

2.  The  necessity  for  discharging  the  line  afler  each  pulsation  should 
as  far  as  possible  be  eliminated,  so  as  to  admit  of  minimizmg  the  earth- 
plates  and  thus  afford  space  for  additional  line  plates.  This  would 
secure  the  furthest  utilization  of  the  signalling  capacity  of  the  line. 

3.  The  system  should  be  applicable  to  intermediate  stations.  This 
would  render  every  one  of  the  several  circuits  as  readily  available  and 
generally  adaptable  as  a  sbgle  Morse  line. 

Now,  the  attainment  of  this  perfection  is  not  only  possible,  it  is  the 
next  thing  to  an  accomplished  fact,  as  will  be  seen  in  considering  the 
results  of  the  writer's  personal  research  in  this  particular  department. 
These  results  are  comprised  in  a  new  system  comprehensively  designated, 

THE  INTEROHANOEABLE  WAY-WIEE  MULTIPLEX. 

As  this  system  is  somewhat  different  from  its  predecessors  in  the 
principle  of  its  operation,  it  may  be  best  introduced  for  consideration 
by  a  general  statement  of  its  characteristics. 

The  conception  of  it  is  based  like  the  other  synchronous  systems  on 
the  well-known  fact  that  the  manipulation  of  a  key  by  the  most  expert 
Morse  operator  is  very  slow  compared  with  the  rapidity  with  which  an 
electrical  effect  can  be  produced,  and  further,  on  the  ascertained  fact 
that  when  signals  are  produced  by  pulsations  of  alternate  polarity,  -f- 
closing  and  —  opening,  24  contacts  per  second  (12  corresponding  to 
downward  movements  or  depressions,  and  12  corresponding  to  uprisals 
of  the  key)  is  all  that  is  necessary  for  transmission  at  the  rate  of  40 
words  per  minute. 

According  to  this  latter  finding  it  is  only  necessary  to  make  connec- 
tion between  any  two  corresponding  sets  of  apparatus  once  in  every 
^  of  a  second,  in  order  to  intercept  every  movement  of  a  given  key, 
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and  80  produce  precisely  the  same  effect  in  the  distant  receiver  as 
would  obtain  were  the  sending  and  receiving  instruments  continuously 
in  circuit. 

In  order  that  this  may  be  understood,  the  tape  of  a  Morse  register 
may  be  taken  in  an  instance  where  signals  have  been  embossed  upon  it 
at  the  rate  of  40  words  per  minute.  The  length  of  a  dot  will  be  found 
to  be  ^;f  of  the  length  of  tape  passed  over  per  second.  Or,  a  sentence 
of  40  wordd  may  be  written  down  in  Morse  characters  on  paper  ruled 
with  horisontal  lines  representing  unit  divisions,  allowing  1  unit  for 
a  dot,  1  unit  for  the  space  between  the  elements  of  a  letter,  3  units  for 
a  dash,  2  units  for  the  space  between  letters,  and  4  units  for  the  space 
between  words ;  it  will  be  found  that  the  entire  sentence  occupies  1440 
divisions  =  24  units  per  second,  thus  showing  that  ^  sec,  is  occupied 
in  the  formation  of  a  dot  or  a  space  in  manipulation  at  the  rate  of  40 
words  per  minute. 

On  the  other  hand,  it  is  known  that  the  time  required  for  the  pro- 
duction of  a  signal  by  electro- magnetism  is  extremely  brief;  only 
*003  =  j^-g  of  a  second,  with  sufficiently  sensitive  yet  practical 
apparatus,  on  an  ordinary  No.  8  iron  telegraph  wire  300  miles  long, 
and  in  less  time  on  a  line  of  shorter  length. 

It  is  therefore  obvious  that  the  whole  period  (^  sec.)  of  each  of 
24  contacts  that  can  be  afforded  in  a  second  is  not  necessarily  at  the 
disposal  of  one  operator. 

Hence,  if  in  every  ^  of  a  second  the  line  wire  is  put  in  connection 
with  a  given  key  suffioieotly  long  to  produce  one  electrical  effect,  the 
balance  of  each  ^^  of  a  second  can  be  occupied  in  the  production  of 
electrical  effects  under  other  keys  with  which  it  can  be  successively 
connected.  From  this  it  follows  that  if  the  time  required  to  produce 
an  effect  on  a  300  mile  line  is  only  ^i^  of  a  second,  we  can,  theore- 
tically, obtain  in  it  as  many  as  (  V j  =^ )  13  signalling  circuits. 

Now,  it  will  have  been  seen  in  the  description  thus  far,  that  the  prin- 
cipal action  hinges  on  the  possibility  of  the  brief  transmitted  current 
affecting  the  receiver,  in  such  a  way  as  to  leave  an  impression  upon  it 
during  the  interval  of  the  succeeding  pulsations.  That  is,  if  a  +  pulsa- 
tion is  transmitted  in  the  formation  of  a  dot  or  dash,  the  armature 
of  the  receiver  must  be  attracted  and  remain  so  until  a  —  pulsation, 
transmitted  in  the  formation  of  a  space,  reverses  its  position. 

And  it  is  also  evident  that  the  receiver  must  be  extremely  sensitive 
in  order  to  afford  the  maximum  number  of  signallmg  circuits  on  a 
given  line. 

To  see  how  this  is  provided  for,  it  will  be  remembered  that  in  dral- 
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ing  with  the  other  systemp  jnst  now,  it  was  shown  that  a  signal  can  he 
produced  on  a  Hughes'  magnet  in  ^|^  sec.  against  ^^j  sec.  required 
for  electro-magnets  of  other  forms.  In  other  words,  the  Hughes  is  3 
times  quicker  in  its  action. 

Now,  it  has  heen  found  m  the  course  of  experiments  made  with  refer- 
ence to  this  system,  that  if  an  ordinary  polarized  relay  is  operated 
through  the  medium  of  an  induction  coil,  the  relay  is  rendered  respon- 
sible to  a  single  brief  pulsation  of  current ;  whereas,  when  operated 
directly,  three  successive  pulsations  are  required  to  produoe  a  full 
attraction  of  its  armature.  That  is  to  say,  the  combination  with  the 
induction  coil  furnishes  a  receiving  instrument  equal  in  celerity  with 
the  Hughes  magnet,  and  should  therefore  be  capable  of  response  to  a 
signalling  current  of  j\^  sec.  duration  on  a  300  mile  line  of  No.  8 
iron  wire.  By  means  of  an  automatic  device,  the  induced  currents 
communicated  to  the  relay  operate  in  only  one  direction  dependent 
upon  the  polarity  of  the  transmitted  pulsation.  Consequently  its  arma- 
ture remains  at  rest  against  one  or  other  of  its  limiting  stops,  according 
to  the  direction  of  the  last  current  presented  to  it,  and  is  unaffected  by 
successive  pulsations  of  the  same  polarity. 

Now,  having  an  economical  method  of  signalling  and  the  requisite 
apparatus  therefor,  it  is  only  necessary  to  associate  it  with  means  for 
transferring  the  line  wire  from  one  set  of  instruments  to  another 
simultaneously,  at  as  many  stations  as  desirable  on  a  line,  in  order  to 
produce  a  multiplicity  of  signalling  curcuits. 

In  the  references  that  have  already  been  mentioned  in  connection 
with  previous  systems  (viz.,  Electrical  World,  Vols.  II,  VI  and  XIII), 
the  means  whereby  synchronism  can  be  obtained  and  maintained  be* 
tween  stations  connected  together  in  circuit  are  set  forth  in  a  sufficient! j 
clear  manner,  to  obviate  the  necessity  for  explaining  in  detail  the 
specific  arrangements  that  have  been  devised  for  that  purpose  in  this 
instance.  It  will  suffice  to  state  here  that  motors  at  the  terminal 
stations  of  a  line  are  brought  into  unison  by  correcting  devices.  Currents 
regularly  alternating  in  polarity  are  concurrently  transmitted  to  line 
from  both  terminals;  these  currents  conjointly  operate  the  motors  at 
the  intermediate  stations,  and  the  result  is  a  perfectly  synchronous 
action  throughout  the  entire  system. 

By  means  of  this  synchronous  mechanism,  a  brush  in  electrical  con- 
nection with  the  main  line  is  revolved  about  the  circle  of  contacts 
connected  with  the  signalling  apparatus,  at  all  of  the  stations  in  cireuit, 
with  sufficient  frequency  to  put  the  line  in  contact  with  each  of  the 
oorrespondmg  sets  of  apparatus  once  in  every  ^V  o^  *  second ;  and  at 
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eaob  of  the  terminal  stations  the  shaft  that  revolves  the  brush  carries  a 
oommntatorof  a  sufficient  number  of  segments  to  produce  24  reversals 
per  second  of  the  main  line  battery  which  is  connected  with  it. 

The  main  batteries  at  the  terminal  stations  are  moreover  reversely 
connected  with  the  commutators,  consequently  +  presented  to  line  at  one 
end  is  met  by  —  presented  at  the  other  end ;  the  currents  combine  in 
the  line,  and,  as  they  are  alternated  by  the  revolving  commutators,  the 
line  is  traversed  by  regularly  recurring  +  and  —  pulsations. 

It  will  be  seen,  therefore,  that  the  passage  of  the  main  line  brush 
over  the  contact  plates  connected  with  the  signalling  instruments  is  con- 
current with  the  presentation  to  line  of  any  one  phase  +  or  —  of  the 
main  line  current.  Hence,  if  the  contact  plates  are  arranged  in  series 
equidistantly,  and  corresponding  to  the  segments  of  the  commutator^ 
certain  of  the  contacts  will  regularly  and  invariably  afford  a  path  for 
the  + ,  and  the  others  for  the  —  pulsations. 

And,  further,  if  the  transmitting  keys  are  provided  with  front  and 
back  contacts,  respectively  connected  with  the  +  and  —  series  of  the 
line  plates,  the  levers  of  the  keys  being  connected  with  the  battery  com- 
mutator, it  is  evident  that  when  any  given  key  is  depressed  or  upraised 
it  will,  in  its  circuit,  interrupt  the  path  of  one  or  other  of  the  currents* 

This  being  the  case,  the  polarity  of  the  current  transmitted  depends 
upon  the  position  of  the  key  in  the  case  of  each  of  the  signalling 
circuits.  And  normally,  when  the  key  in  any  circuit  is  not  being  used, 
a  circuit  closing  arm  associated  with  it  in  the  ordinary  manner  is 
dosed  and  bridges  both  the  back  and  front  contacts,  thus  permitting 
both  phases  of  the  current  to  circulate. 

Now,  as  the  +  and  —  phases  of  current  are  presented  in  each 
instance  for  ^  of  a  second,  during  which  time  the  line  brush  traverses 
one  entire  series  of  the  contacts,  it  is  clear  that  if  the  keys  in  some  of 
the  circuits  were  depressed  and  in  others  upraised,  the  current  would  be 
interrupted  and  re-established  repeatedly,  so  that  it  becomes  broken  up 
in  a  succession  of  mere  pulsations.  The  fact  is,  therefore,  that  each  of 
the  signalling  circuits  is  operated  by  means  of  a  single  pulsation  that 
recurs  alternately  +  and  — ,  every  -^^  of  a  second,  and  the  position 
of  the  key  determines  whether  a  given  pulsation  shall  or  shall  not  affect 
the  receiving-  instruments  that  are  in  circuit  with  it. 

It  might  appear  at  first  sight  that  there  is  a  chance  of  a  movement 
of  the  key  taking  place  between  two  successive  pulsations,  that  would 
not  be  reproduced  in  the  receiver ;  but  a  moment's  consideration  will 
show  this  to  be  impossible,  since  every  movement  of  the  key  by  the 
operator's  hand  occupies,  at  the  very  least,  a  period  of  time  that  is  suffi- 
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etent  for  the  lioe  brash  to  sweep  over  the  entire  series  of  the  ciiemts. 
There  \b,  however,  this  possibility,  that  in  a  case  where  +  currents 
operate  to  dose  the  receivers,  and  —  carrents  to  open  them,  the  send- 
ing key  might  be  depreased  concurrently  with  the  presentation  of  a  — 
phase  of  the  current,  and  upraised  concurrently  with  the  succeeding  + 
phase.  In  such  a  case  it  is  evident  the  movement  of  the  key  would  he 
lost  on  the  receiver ;  this  possibility  is,  however,  obviated  by  means  of 
a  semi-automatic  transmitter  through  which  the  movements  of  the  key 
are  communicated  to  the  line  circuit.  The  operation  is  simply  this :  If 
the  key  is  depressed  to  form  a  dot,  the  lever  of  an  electro-magnet,  in 
local  circuit  with  the  key,  is  depressed,  and  remains  in  that  position, 
after  the  key  is  upraised,  until  a  +  pulsation  transmitted  to  line 
releases  it.  The  lever  in  its  upraised  position  affords  a  path  for  the 
succeeding  —  pulsation.  A  dot  is  thus  transmitted.  If  the  key  is 
again  depressed,  the  same  operation  is  repeated ;  so  long  as  the  key 
remains  open  only  —  currents  go  to  line ;  and  when  closed,  +  cur- 
rents are  transmitted.  As  the  successive  pobations  recur  with  the 
same  rapidity  as  the  movements  of  the  key,  it  is  obvious  the  latter  can- 
not get  ahead  of  the  former ;  consequently,  every  movement  of  the  key 
is  reproduced  in  the  receiver,  the  operation  being  precisely  the  rame  as 
if  the  key  moved  in  exact  unison  with  the  recurring  alternations  of 
current. 

There  now  remains  only  one  other  important  feature  to  point  out :  It 
is,  that  as  in  this  system  the  receiving  apparatus  is  positive  in  action 
and  responsive  to  one  full  pulsation  of  either  polarity,  it  is  not  in  any 
given  circuit  susceptible  to  the  influence  of  the  tailings  of  the  charge  in 
the  line  due  to  the  trauFmission  of  a  signal  in  the  circuit  immediately 
preceding.  It  is  therefore  sufficient  to  put  between  the  successive  line 
plates  a  very  narrow  segment  for  earth  contact.  Between  the  separ- 
ate series  an  earth  plate,  as  large  as  any  one  of  the  line  plates,  is  pro- 
vided to  fairly  clear  the  line  of  the  charge  of  one  polarity  before  the 
other  is  introduced. 

Eeverting  for  a  moment  to  the  explanation  given  as  to  how  signals 
are  transmitted,  it  will  be  remembered  that  the  current  pulsations  are 
regularly  presented,  and  it  is  the  position  of  the  keys  that  determines 
their  circulation  in  the  respective  circuits.  It  will  tiierefore  be  readily 
understood  how  intermediate  offices  can  be  introduced  on  the  line ;  they 
have  circles  of  line  contact  plates  and  the  rest  of  the  apparatus  except- 
ing the  main  line  batteries  and  commutators,  which  are  not  needed ;  the 
transmitted  currents  pass  through  them,  each  circuit  having  its  own 
pulsations  to  which  the  receivers  respond.     As  at  the  terminal  stations 
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80  IS  it  at  the  way  offices,  the  positioii  of  a  given  key  determines  the 
ciroulation  of  the  current.  Normally,  the  circuit^losing  arms  of  all 
the  keys  in  a  given  circuit  are  closed,  and  the  recurring  +  and  — pal- 
sations  circulate  in  it.  The  opening  of  any  one  key,  therefore,  will  affect 
all  the  receivers  in  the  circuit,  and  they  will  follow  its  movements  pre- 
cisely as  on  an  ordinary  single  circuit  Morse  wire. 

The  interchangeable  feature  of  the  system  is  also  almost  self-evi- 
dent. Since  the  signalling  currents  emanate  from  both  ends  of  the 
line,  any  one  of  the  intermediate  offices  can  ground  a  given  circuit  and 
work  in  either  direction  independently ;  or  loop  lines  can  be  introduced 
and  operated  precisely  in  the  same  way  as  when  let  into  a  regular 
Morse  circuit ;  or  a  number  of  offices  may  be  regularly  on  one  circuit 
while  a  certain  other  number  may  be  on  another,  and  these  can  inter- 
change in  the  same  way  as  if  located  on  so  many  separate  wires.  More- 
over, we  have  this  very  desirable  feature,  that  in  the  normal  condition 
the  keys  being  all  closed,  the  apparatus  at  an  intermediate  office  pre- 
sents no  obstruction  whatever  to  the  passage  of  the  currents ;  it  may 
therefore  be  out  of  adjustment  or  otherwise  disarranged  without  affect- 
ing the  other  offices  in  circuit,  just  as  on  an  ordinary  Morse  line  which 
is  operative  between  offices  whose  instruments  are  adjusted  and  inoper- 
ative to  those  whose  instruments  are  not  adjusted  or  otherwise  locally 
affected. 

Now,  horn  what  has  been  stated,  it  is  evident  that  we  have  here  a 
system  calculated  to  afford  the  highest  possible  degree  of  efficiency,  and 
one  that  utilizes  the  capacity  of  the  line  wire  to  the  fullest  extent. 

Of  13  circuits  theoretically  obtainable  in  a  wire  300  miles  long,  we 
can  count  upon  at  least  9  for  signalling  purposes  ;  we  might  do  more 
than  that,  but  recollecting  that  the  number  depends  upon  the  length  of 
the  surface  traversed  by  the  line  brush  per  second,  the  space  equivalent 
to  4  circuit  plates  is  only  a  liberal  allowance  to  make  for  the  synchron- 
ous circuit  plate,  the  earth  plate,  and  its  minor  segments  and  the 
insulation  wedges.  All  these  may  be  taken  together  and  set  down  as 
mechanical  intervention^  and  therefore  a  constant  quantity;  and  in  any 
calculation  we  make  for  a  given  line,  we  may  subtract  the  equivalent 
of  4  circuits  from  the  theoretical  in  order  to  determine  its  practical 
capacity.  Thus,  in  accordance  with  the  law  of  proportions  elsewhere 
dealt  with  in  this  paper,  we  should  obtain  on  an  ordinary  line  150  miles 
long  as  many  as  (f  ^  x  13  =  26,  —  4  =)  22  signalling  circuits. 

How  readily  this  can  be  done  has  yet  to  be  ascertained.  It  will  be 
remembered  that  in  the  remarks  prefacing  the  description  of  this  Way- 
Wire  system,  it  has  been  stated  that  the  perfection  attainable  in  it  is 
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ibe  next  thing  to  an  accomplished  fact.  What  has  been  herein  described 
is  mainly  an  hypothetical  fabric — to  use  a  big  phrase — but  it  is  a 
theoretical  construction  that  is  based  on  the  results  of  and  inferences 
from  sound  laboratory  experiments.  It  yet  remains  to  be  seen  whether 
.all  that  is  claimed  for  this  system  can  be  realized  in  actual  practice. 


Note. — ^It  is  not  stated  so,  literally,  but  it  is  in  effect :  It  is  stated  on  p. 
397,  that, '' The  rapidity  with  which  successive  signals  can  be  transmitted 
depends  essentially  upon  the  time  required  to  charge  and  discharge  the  line.'' 
[This  time,  it  is  shown  on  p.  393,  is  on  a  No.  8  iron  wire  300  miles  longi 
about  '018  sec.,  and  on  an  equal  length  of  No.  6  gauge  ('20  in  diameter),  the 
time  required  is  about  -013  sec]. 

It  is  stated  on  p.  396,  that  the  time  required  to  produce  an  effect  on  the 
No.  8  wire  was  found  to  be  with  a  Hughes  electro-magnet  '003  sec. ;  and  '01 
sec.  is  set  down  for  an  unpolarized  electro-magnet  of  the  ordinary  form. 

It  further  appears,  on  p.  395,  that  on  a  given  line  with  one  class  of  appara- 
tus, the  time  required  to  produce  an  efiect  is  *'  nearly  in  proportion  to  the 
length  of  the  line; "  and  with  the  other  class  of  apparatus  the  time  required 
''increases  in  a  much  greater  proportion  than  the  length  of  the  line." 
These  statements  have  reference  to  lines  of  300  miles  and  over,  and  it  is 
therefore  very  safe  to  assume  that  for  lines  under  300  miles  the  time  is  at  the 
most  directly  proportional  to  the  length. 

The  obvious  interpretation  of  all  this  is,  that  the  time  required  to  chai^ge 
a  line  is  the  index  of  its  signalling  capacity.  If  we  know  the  rate  of  charge 
of  any  two  wires  and  the  signalling  capacity  of  one  of  them,  we  can, 
by  a  simple  sum  in  proportion,  determine  the  signalling  capacity  of  the 
other. 

Whence  it  follows,  taking  the  figures  quoted,  that  the  time  required  to  pro- 
<{uce  an  effect  on  an  unpolarized  magnet  on  the  300  mile  No-  6  line  is  '0072 
."^ec. ;  the  proportion  being  *018  :-013: :  '01  :'0072.  And  the  time  required 
on  a  100  mile  length  of  the  same  line  is*0024  sec.;  the  proportion  being 
.300:   100::    0072  : '0024. 

This  result  is  practically  the  same  as  the  *0022  arrived  at  by  the  other  cal- 
culation given  in  the  paper.  Besides,  the  interpretation  of  the  above  text,  upon 
which  the  last  mentioned  calculation  is  based — (viz.,  that  the  time  required 
xo  actuate  an  electro  magnet  is  about  directly  proportioned  to  the  length  and 
i^sistance  of  the  etniductor) — is  supported  by  the  statement,  in  Prescott, 
Vol.  II,  p.  lllQv  tiMUt'*  the  speed  (having  reference  to  the  synchronous  mul- 
tiplex) is  inversely  proportional  to  the  length  and  directly  as  the  size  of  the 
conducting  wire  " ;  this  is  of  course  assuming  that  th$  si^e  of  the  wire  has 
reference  to  its  conductivity. 


DISCUSSION. 

Mr.  W.  J.  Gamp,  of  tlie  Canadian  Pacific  Telegrapli  Co.,  said  he  Mr.  camp, 
had  read  Mr.  Eeeley's  paper,  and,  as  far  as  he  could  judge  at  present,  the 
system  appeared  quite  feasible.  To  give  a  decided  opinion  upon  it  he 
would  have  to  study  it  more  thoroughly.  The  principal  trouble  with  the 
existing  multiplex  or  quadruplex  systems,  which  are  the  only  ones  m 
practical  use,  is  that  of  battery  power.  Mr.  Keeley's  system  overcomes 
that,  as  it  reduces  the  battery  power  required  to  about  one-third. 

The  Wheatstone  automatic  system,  which  is  largely  used  in  England, 
and  to  some  extent  in  the  United  States,  did  not  answer  very  well  for 
America,  the  percentage  of  errors  in  telegrams  being  largely  increased 
by  its  use.  Although  it  may  appear  that  automatic  transmission  would 
reduce  the  number  of  errors,  experience  has  proved  that  by  direct  man- 
ual transmission  and  receiving  by  sound,  the  very  best  results  as  to 
correctness  are  obtained.  Another  objection  to  the  automatic  system  is 
the  time  occupied  in  getting  the  despatch  from  one  point  to  another. 
Although  the  actual  transmission  over  the  wire  is  very  rapid,  a  great 
deal  of  time  is  lost  in  preparing  the  paper  tape  to  transmit  and  in  trans- 
lating the  characters  at  the  receiving  o£Eice.  If  Mr.  Keeley's  system  can 
be  worked,  this  will  be  overcome  ;  and  if  his  system  will  work  between 
terminal  offices,  any  way  office  can  be  worked  as  described. 

Mr.  J.  Kennedy  asked  to  what  extent  was  the  quadruplex  system  Mr .  Keonedj. 
employed  on  the  Canadian  Pacific  Telegraph  ? 

Mr.  Camp,  in  reply,  stated  that  their  quadruplex  circuits  were  as  Mr.  ctmp. 
follows : — 

Canso,  N.  S.,and  St.  John,  N.B 375  miles. 

St.  John,  N.B.,  and  Montreal 485    '' 

Montreal  and  Albany,  N.Y 350   " 

Montreal  and  Toronto 350   ** 

Toronto  and  Buffalo 180  '' 

Montreal  and  Ottawa 125   " 

Montreal  and  Sudbury,  Out 450   " 

Port  Arthur  and  Winnipeg,  Man 430  " 

Winnip^  and  Swift  Current,  N.W.T 515   " 

Donald  and  Vancouver 450   '^ 
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Besides  these  they  bad  a  Dumber  of  duplex  circuits,  the  principal 
ones  being  Montreal  and  Chicago,  Montreal  and  Winnipeg,  and  Winni- 
peg and  Vancouver. 

At  St  John,  N.B.,  the  two  quadruplexes  were  connected  by  automatic 
repeaters,  and  at  Montreal  one-half  of  the  same  was  connected  witk  a 
duplex  to  New  York,  thus  practically  giving  New  York  a  double  cir- 
cuit to  Canso,  and  Montreal  a  double  circuit  to  the  same  place.  Id 
other  words,  both  New  York  and  Montreal  could  work  duplex  with 
Canso  at  the  same  on  the  one  wire  east  of  Montreal.  On  the  Ottawa 
circuit  a  single  Morse  wire  to  Deserontp  is  connected  at  Ottawa  on  one 
half,  and  the  other  half  used  for  local  business  between  Ottawa  and 
Montreal. 

One  half  of  the  Montreal-Sudbury  and  Port  Arthur- Winnipeg 
*'  quads  "  is  connected  by  a  duplex,  giving  a  double  circuit  to  Montreal 
and  Winnipeg.  The  second  half  of  the  Sudbury  set  is  connected  to  a 
single  Morse  wire  to  Sault  Ste.  Marie,  Michigan,  and  the  second  half 
Port  Arthur  and  Winnipeg  is  used  for  local  business  between  tho^ 
points. 

The  circuits  between  Winnipeg  and  Yancouver  are  more  complicated. 
One  half  of  the  Winnipeg  Swift  Current  quadruplex  is  connected  ai 
Swift  Current  with  a  duplex  to  Great  Falls,  Montana,  the  other  half 
with  a  duplex  to  Donald,  B.C.,  where  it  is  connected  with  one  side  of 
the  quadruplex  to  Vancouver.  A  duplex  is  worked  from  Winnipeg  u> 
Donald  (with  automatic  repeaters)  and  there  connected  with  the  other 
half  of  the  quadruplex  to  Yancouver.  Winnip^  thus  worked  two 
double  circuits  to  Yancouver  and  a  double  circuit  to  Great  Falls,  Mon- 
tana, employing  two  wires  as  far  as  Donald  and  but  one  from  there  to 
Yancouver.  Some  of  the  ^'  quads ''  are  only  used  in  cases  of  emer- 
gency, such  as  extra  press  of  business,  or  when  some  of  the  wires  an> 
interrupted.  The  quadruplex  is  worked  from  Yancouver  to  San  Fran- 
cisco, about  1130  miles,  with  automatic  repeaters  at  Portland,  Oregoo 
and  Ashland,  Cal. 

The  Great  Nortk-Western  Co.,  the  speaker  believes,  has  the  following 
quadruplex  circuits : — Montreal  and  Quebec,  Montreal  and  Ottawa. 
Montreal  and  Toronto,  Toronto  and  Detroit;  he  thinks  this  is  the  ext^t 
to  which  quadruplex  is  used  in  Canada  besides  the  cable  system  between 
Sydney,  C.B.,  and  New  York. 

The  Canadian  Pacific  Telegraph  Co.  works  duplex  nightly  between 
New  York  and  Winnip^,  and  very  frequently  from  New  York  to  Van- 
couver or  San  Francisco.     Intermediate  or  way  offices  cannot  work 
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on  these  circuits,  the  offices  which  can  do  so,  except  the  terminals,  are 
where  the  automatic  repeaters  are  placed, — ^for  instance,  St.  John,  N.B., 
can  work  on  the  Montreal -Canso  system. 

In  the  United  States  between  such  places  as  New  York  and  Boston 
and  New  York  and  Chicago,  the  quadruplex  is  very  largely  used,  there 
being  sometimes  as  many  as  ten  or  more  quadruples  sets  between  two 
cities. 


COREBSPONDENCE. 

Mr.  Gisborne.  Mr.  F.  N.  Qisborne  regretted  being  unable  to  be  present  at  the 
discuasion  of  Mr.  Keeley's  paper  on  the  multiplex  telegraph.  It  Ls^  in 
his  opinion,  novel  but  practical,  and  may  finally  be  adopted  in  preference 
to  quadruples  or  any  present  form  of  multiplex  apparatus. 

Mr.  Pope.  M,.   E  'PopQ  g^id  Mr,  Keeley's  paper  sums  up  very  fairly  the  good 

and  bad  points  of  various  systems  of  telegraphy  now  in  actual  use ;  his 
proposed  plan  is  most  ingenious,  and  when  fully  developed  will  no  doubt 
be  an  advance  on  the  present  multiplex  systems.  It  certainly  will  be  if 
it  can  be  made  available  for  a  ''  way  "  wire,  but  in  that  direction  the 
''way  agent''  is  an  unknown  quantity  which  has  to  be  taken  inta 
account,  for  the  necessary  skill  to  handle  the  instruments  to  be  used  is 
seldom  found  even  in  the  larger  ''  way  "  offices. 

Mr.  Keeley  has  noticed  the  difficulty  of  harmonizing  the  automatic 
reversals  of  current  with  the  free  motions  of  the  operators'  keys,  and  be 
applies  a  remedy  which  seems  to  be  insufficient  to  prevent  such  a  muti- 
lation of  signals  as  would  be  found  destructive  to  proper  woik.  It  may 
be  found  necessary  to  give  the  operators  a  key  system  by  which  their 
signals  will  all  be  taken  up  and  transmitted  into  the  line  automatically 
to  suit  the  automatic  reversals.  In  actual  working  it  is  doubtful  if  aoy 
reduction  can  be  made  in  the  size  of  the  earth  plates,  as  Mr.  Keeley  cal- 
culates on.  The  wire  will  require  to  be  thoroughly  cleared  after 
each  signal,  as  in  the  systems  now  used. 

3ir.  Bott.  Mr.  H.  Bott  said  in  the  Delaney  system  one  objection  is,  that  during 

the  passage  of  the  brush  over  the  ground  plates  the  line  is  idle  and  its 
theoretical  capacity  not  fully  utilized.  In  the  ''  interchangeable  way 
wire  multiplex  "  system,  although  the  receiving  apparatus  is  not  suscep- 
tible to  the  influence  of  the  preceding  circuit,  still  the  brush  will  have 
the  same  function  to  perform,  the  wire  remaining  idle  during  its  con- 
tact with  the  ground  plate,  as  in  the  Delaney  system.  Will  the  capacity 
not  utilized  in  that  system  be  gained  in  this  ?  May  not  the  induction 
from  other  parallel  lines  make  it  a  very  difficult  matter  to  adjust  so 
as  to  neutralize  the  effect  of  the  induced  current  ? 
According  to  the  theory  advanced  by  Mr.  Eeeley,  his  system  seems 
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to  overcome  one  of  the  disadvantages  of  the  other  multiplex  systema  in 
use,  in  that  it  allows  way  offices  to  work  by  providing  a  separate  circuit 
for  them,  instead  of  as  now  leaving  the  wire  idle  between  the  two  ter- 
minal points. 

Mr.  A.  A.  Dion  said  Mr.  Keeley  had  dealt  so  thoroughly  with  the  ifr.  Mon. 
subject  in  his  paper  that  there  is  little  to  be  said,  except  to  endorse  in  a 
general  way  his  statements  as  to  the  important  part  the  "  multiple  ** 
principle  is  destined  to  play  in  the  telegraphy  of  the  future,  and  to 
congratulate  him  on  his  dUaa^vcry  of  the  means  to  extend  its  present 
application  and  usefulness. 

To  those  who  have  given  attention  to  the  subject  of  telegraphy^  the 
beauties  and  advantages  of  the  ^'  Simple  Morse  circuit ''  and  the  many 
diffieulties  attending  the  operation  of  ^*  Automatic  *'  or  '^  Complex 
Circuit "  systems,  are  so  evidont,  that  any  invention  tending  to  increase 
the  capacity  of  the  line  wire,  while  retaining  the  many  excellent  features 
of  the  pioneer  system,  should  receive  a  hearty  welcome.  In  none  of  the 
various  systems  now  in  the  field  have  those  features  been  preserved.  The 
nearest  approach  to  the  realization  of  the  desired  conditions  is  found  in 
the  '^  Synchronous  Multiplex^  systems  based  on  the  following  estab-' 
lished  fact,  viz. : — 

If  a  number  of  electro-magnets  are  successively  put  in  circuit,  each 
for  ^  fraction  of  a  second,  with  a  line  wire  carrying  a  current  of 
electricity,  and  if  the  operation  is  repeated  with  sufficient  frequency, 
the  elSect  on  each  electro-magnet  will  be  practically  the  same  as  if  it 
had  been  constantly  in  circuit  with  the  wire,  and  a  continuous,  instead 
of  a  pulsating,  current  had  passed  through  it.  The  writer  is  of  opin- 
ion that  Mr.  Keeley  is  justified  in  the  assumption,  that  the  line  of  fiir- 
iher  improvement  in  tele^gvaphy  lies  in  the  full  utilization  of  the  Une 
wire  in  the  manner  above  stated. 

Among  the  desirable  features  of  the  '^  Simple  Morse  Circuit"  partly 
realized  in  the  ''Multiplex"  systems  is  the  possibility  of  extending 
their  advantages  to  ''  way  "  offices,  a  matter  of  considerable  importance 
in  many  ways.  It  may,  however,  be  a  costiy  privilege,  or  it  may  be 
obtained  at  the  price  of  so  much  inconvenience  as  to  make  it  undesir- 
able. The  writer  knows  of  a  multiplex  system  where  this  may  be 
done  by  providing  at  every  office  a  battery  capable  of  operating  the 
whole  line.  When  one  station  is  sending,  the  batteries  of  all  other 
stations  are  idle  as  far  as  that  particular  circuit  is  concerned.  This 
is  the  principle  of  the  English  open  circuit  system  which  does  not  seem 
suitable  for  this  continent.    It  never  found  favour  m  America. 
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Whenever  the  ''  Simple  Morse  Circuit  **  is  mentioned  herein,  the 
American  or  closed  circait  system  is  meant,  which  permits  waj-offioes 
to  be  opened  anywhere  or  closed  without  much  trouble  or  expense. 
In  that  particular  as  well  as  in  many  others,  the  system  under  discus- 
sion would  seem  to  be  the  onh/  one  possessing  the  facility  of  operation 
and  the  flexibility  of  the  ^*  American  Morse  "  just  mentioned.  That 
alone  would  entitle  it  to  the  serious  consideration  of  telegraph  engineers 
and  electricians.  But  its  aims  are  higher  still.  It  claims  to  increase 
by  fifty  per  cent,  the  number  of  circuits  heretofore  obtainable  in  prac- 
tice, and  to  treble  the  distance  over  which  a  wire  has  been  so  utilized. 

The  way  in  which  this  is  accomplished  by  the  combination  of  an 
induction  coil  with  a  polarized  relay,  so  as  to  make  the  latter  responsive  to 
single  pulsations  of  current  of  ^j j  of  a  second  duration,  is  ingenious  and 
original.  The  property  the  armature  has  of  remaining  on  its  contact, 
after  being  once  attracted,  until  forced  back  by  a  pulsation  of  opposite 
direction  to  that  which  produced  the  attraction,  making  it  unneceesaiy 
to  make  contact  between  the  line  and  any  one  set  of  apparatus  oft^ener 
than  once  every  ^^  of  a  second,  etc. 

To  many  persons  who  have  not  followed  very  closely  the  later  devel- 
opments in  the  applications  of  electricity,  the  matter  of  synchronism 
suggests  serious  difficulties ;  but  the  problem  having  been  solved  very 
efficiently  in  other  "  Multiplex  "  systems,  there  is  no  reason  to  anticipate 
any  trouble  in  this  case,  as  Mr.  Keeley  proceeded  upon  the  same  lines 
as  his  predecessors.  The  claims  of  the  inventor  are  based  on  well 
known  laws  of  electro-magnetism,  and  the  writer  thinks  that  the  ''  In- 
terchangeable Way- Wire  Multiplex  **  is  a  healthy  and  promising  infant, 
and  that  if  all  cannot  feel  enthusiastic  about  it,  they  can  at  least  wish 
it  success  and  watch  its  practical  application  with  the  attention  it 
merits. 

Mr.  Keeley  may  not  care  to  let  us  further  into  his  confidence ; 
but,  iu  the  hope  of  obtaining  more  light,  the  writer  ventures  to  ask 
the  following  questions,  which  need  not  be  answered  if  the  information 
asked  for  is  not  yet  ripe  for  ihe  public  : 

Ist.  The  keys,  corresponding  to  any  one  circuit,  being  closed  at  all 
offices,  the  circuit  not  being  used,  the  ^  and  —  pulsations  will  occur 
alternately  every  -^^  second.  Will  not  the  armatures  of  the  polarized 
relays  vibrate  between  their  contact  points  in  unison  with  the  alter- 
ations of  current  in  the  line,  sounding  a  series  of  dots ;  and  if  not,  how 
are  they  prevented  from  doing  so  ? 

2nd.  How  many  series  of  contact  plates  is  it  proposed  to  have  in 
the  curcle?  In  other  words,  what  will  be  the  rotary  speed  of  the 
brush? 
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3rd.  It  is  not  stated  that  a  second  wire  is  used  to  carry  current  to 
^operate  the  motors.  If  the  lioe  carreuis  are  used  for  that  purpose 
would  the  synchroniem  he  affected  if,  perohauce,  all  the  keys  in  one 
station  were  depressed  ?  Or  is  there  a  special  circuit  (without  a  key) 
including  the  motor?  In  that  case  the  current  through  the  motor 
would  consist  of  alternate  +  and  —  pulsations  of  sir  second  duration, 
with  intervals  of  (-2*^  —  ih  =  )  aV  second  between  them,  and  the 
motors  must  be  constructed  so  as  to  respond  to  those  detached  pulsa- 
tions.    Is  that  the  case  ? 

Mr.  George  Black  said  that  he  considered  the  review  of  the  various  Mr.  BiAok. 
systems  of  telegraphy,  introductory  to  the  new  system  described,  as 
Tery  clearly  presented  and  their  value  not  under-estimated.  The 
*'  Interchangeable  Way-wire  Multiplex  "  is,  in  his  opinion,  correct  in 
{)rinciple,  and  the  difficulties  which  may  possibly  be  encountered  in 
practice  will  no  doubt  be  easily  overcome. 

Mr.  Keeley  said  he  had  now  prepared  diagrams,  Plates  I  and  II,  ^'-  ^eeiey. 
to  illustrate  his  subject.  The  absence  of  these  at  the  time  the  paper 
was  read  and  the  necessarily  brief  description  of  the  Way  Wire 
Multiplex,  given  in  the  concluding  part  of  his  paper,  lefb  room,  it 
appeared,  for  some  misconception  of  his  ideas.  This,  however,  he 
believed  he  would  now  be  able  to  satisfactorily  clear  away. 

Taking  up  the  questionable  points  as  they  had  been  presented,  Mr. 
Pope's  objection  as  to  the  doubtful  skill  of  the  average  way  office 
operator  to  handle  the  instruments  was  well  taken.  The  speaker  was 
himself  well  acquainted  with  that  feature  of  the  business,  and  has  in 
his  plans  provided  for  it  by  rendering  the  operations  of  the  circuits 
independent  of  any  local  disarrangement  of  the  apparatus.  In  the 
present  everyday  experience  on  a  single  Morse  line,  there  are  instances 
when  the  instrument  at  a  given  office  on  a  way  line  is  disarranged 
— "not  adjusted.''  That  office  is  practically  inoperative  for  the 
time  being;  but  it  does  not  interfere  with  the  exchange  of  signals 
between  other  offices  on  the  same  line.  As  the  system  proposed  does 
not  pretend  to  excel  the  regular  Morse  circuit  in  its  characteristics,  but 
rather  to  preserve  them  all  intact,  the  writer  has  faith  in  the  skill  of 
the  average  way-office  operator  being  found  equal  to  the  occasion, 
for  all  that  is  required  of  him.  Mr.  Pope  noticed  an  apparent 
difficulty  in  obtaining  a  correspondence  of  the  key  movements  with 
the  regular  alternations  of  main  line  current  in  the  act  of  transmis- 
sion.    If  it  had  been  practicable  to  furnish  in  the  paper  the  details 
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with  reference  to  that  feature,  which  the  writer  was  unable  to  submit 
ihis  objection  might  not  have  been  advanced.  It  would  be  seen  pre- 
sently how  he  had  arranged  for  it ;  but  supposing  he  were  wrong  and 
Mr.  Pope  right,  it  would  be  quite  practicable  to  dispense  altogether 
with  the  semi  automatic  function  of  the  transmitter,  and  operate  the 
circuits  directly,  provided  that  the  main  current  alternations  were 
increased  sufficiently  to  furnish  both  phases  of  current  during  etch 
position  of  the  key.  This  would  of  course,  on  the  basis  of  40  words 
per  minute,  reduce  the  number  of  signalling  circuits  one-half;  but  even 
allowing  that  the  number  would  be  5  on  a  300  mile  line,  and  11  on 
a  100  mile  line,  adaptahk  to  way  stations;  whereas,  with  Debney's 
system,  the  best  of  tliose  heretofore  introduced,  6  circuits  on  a  100  mile 
line  limited  to  terminals,  is  all  that  can  be  obtained.  The  next  and 
last  point  advanced  by  Mr.  Pope  is  the  supposed  necessity  for  effectini^ 
a  complete  discharge  of  the  line  between  the  successive  circuits. 
This  was  due  to  a  misconception.  The  explanation  of  this  feature 
given  in  the  paper  was  necessarily  meagre.  There  is  this  difference 
between  the  writer's  method  of  signalling  and  that  of  previous  methods. 
Take  five  successive  circuits  in  Delaney  and  Calahan's  first  form  of 
the  Synchronous  Multiplex,  or  in  Lieut.  Patten's  system  ;  let  1,  3  and  5 
be  dosed^  and  2  and  4  open.     The  line  has  to  be  traversed  by  currents 

successively  as  follovrs  t  ^  3  "Z  5  •  Unless  a  +  current  is  obliter- 
ated, the  succeeding  -^  is  ineffectual ;  and  unless  the  —  current,  in  its 
turn,  is  obliterated,  the  succeedmg  +  will  not  be  effectual.  Now,  taking 
the  same  circuits  according  to  the  writer's  method,  the  line  would  be  tra- 
versed ^712345  ^'i^^j^ft®'^*  ^^^^*'S®»^y  1  V  3  X  5'®"*^® 
the  +  and  —  phases,  in  series,  take  turn  about.  The  narrow  earth 
s^ments  introduced  between  the  succeeding  line  plates  prevent  an 
accumulation  of  the  charge  in  the  line  which  would  occur  when 
several  successive  circuits  were  closed.    For  instance,  without  them,  it 

might  be  (graphically)    10345       ^^  ^^  ^^^^  ^^  tailing  of 

the  charge  from  3  would  operate  in  4,  which  should  otherwise  be 

unaffected.    With  the  segments,  the  charge  would  be  ^     2    3"  4    J  » 

in  this  case  the  charge  is  kept  down,  so  there  is  a  very  slight  tailing 
into  4.  In  Belaney's  (improved)  system,  that  dealt  with  in  this  paper, 
the  latter  condition,  if  narrow  segments  are  used,  would  obtain ;  and 
as  the  receivers  are  worked  on  intermittent  currents,  it  b  necessary  to 
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obviate  even  the  slight  tailing  (by  patting  in  wide  s^ments),  in  order 
to  allow  the  armature  to  fall  away.  According  to  the  writer's  arrange- 
ment, the  receiver  is  positive  in  action,  moved  one  way  by  a/uZZ  + 
and  the  other  way  by  h/uU  —  pulsation ;  and  in  it  a  +  pulsation  never 
occurs  at  the  same  time  as  a  —  tailing,  or  a  —  pulsation  concurrently 
with  a  +  tailing,  in  consequence  of  the  +  and  —  phases  being  in 
series ;  so  the  slight  tailing  (which  is  always  of  the  same  sign  as  the 
current  following  upon  it)  from  one  circuit  into  the  other  is  wholly 
ineffectual. 

In  reply  to  the  remarks  of  Mr.  Bott,  in  Delaney's  system  the 
discharge  plates  are  uniform  in  size  with  the  signalling  plates,  whereby 
50  per  cent,  of  the  line-time  is  lost.  Again,  in  that  system,  34 
contacts  per  second  are  required  to  accommodate  the  sending 
operator's  manipulation.  In  the  Way  Wire  Multiplex  system,  on  the 
other  hand,  only  very  narrow  segments  are  required  between  the  signal- 
ling plates,  for  the  purpose  explained  in  the  reply  to  Mr.  Pope's  objec- 
tion ;  and  only  24  contacts  per  second  are  required  for  the  operator's 
accommodation*  It  must  therefore  be  very  clear  that  the  signalling 
capacity  of  the  line  will  be  utilized  to  a  far  greater  extent  in  the 
latter  than  in  the  former,  in  fact,  to  its  greatest  extent ,  both  theoreti- 
cally and  practically.  As  regards  the  inteiierence  ^m  induction 
from  neighbouring  lines,  there  could  be  none,  for  the  reason  that  the 
receivers  proper  are  in  local  circuits  and  actuated  through  the  medium 
of  induction  coil^,  whose  currents  are  ineffectual  excepting  when 
occasioned  by  a  full  pulsation  of  the  main  line  current.  A  careful 
perusal  of  what  is  stated  in  the  paper  with  reference  to  quadruplex 
circuits  will  show  that  this  matter  of  induction  has  not  been  disre- 
garded in  the  devising  of  the  speaker's  new  system.  It  was  no  doubt 
in  conscquenoe  of  Mr.  Bott's  experience  with  that  class  of  multiple 
circuit  systems  that  he  suggested  the  possible  di£Eiculty  of  interference. 

The  remarks  of  Mr.  A.  A.  Dion  are  fully  answered  in  the  explana- 
tory notes  accompanying  the  diagrams,  Plates  VIII  and  IX.  The  relay 
levers  do  vibrate  in  response  to  the  current  alternations.  There  could  be 
no  objection  to  this,  however,  because  it  need  only  occur,  so  far  as  the 
sounders  are  concerned,  on  one  or  more  of  the  circuits  that  may  be  set 
apart  for  calling  purposes.  The  moment  actual  transmission  begins, 
the  circuit  is  under  control  of  the  key,  and  the  continuous  vibration  can- 
not then  occur.  The  other  two  questions,  as  to  the  number  of  signalling 
plates  and  speed  of  rotation  of  the  line  brush,  are  answered  in  the  dia- 
gram, Plate  I;  they  are  there  set  down  as  8  series,  with  3  revolutions' 
of  the  brush.    Obviously  it  might  be  4  series  with  6  revolutions,  or 
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aD  J  other  modifioation  resultiug  in  24  alternations  per  second ;  but  it 
is  more  convenient  to  obtain  perfect  synchronism  with  comparatiYely 
iow  speed,  and  3  revolutions  per  second  is  calculated  to  afford  the  best 
results.  Mr.  Dion  was  mistaken  in  supposing  that  the  intention  was 
to  operate  the  motors  directly  by  the  main  currents,  by  pulsations 
recurring  every  iV  of  a  second.  As  indicated  in  Plate  II,  two  circuits 
are  set  apart  for  the  operation  of  the  motors,  by  means  of  receiving 
relays  actuated  in  the  same  way  as  those  for  signalling.  These  relays 
are  not  connected  to  all  of  the  series,  and  are  only  brought  into  open- 
tion  at  every  half  revolution  ;  the  one  overlaps  the  other  in  the  matter 
of  closing  and  opening  by  the  length  of  one  series  of  contacts.  Each 
is  therefore  actuated  for  (i  +  ,V)  &  trifle  over  i  second,  so  there  is 
nothing  at  all  delicate  about  iU 

Exception  has  been  taken  to  that  paragraph  on  page  256  in  the 
paper  which  reads  : — 

*'  Nowt  having  an  economical  method  of  signalling  and  the  requisiU 
apparatus  therefor f  it  is  only  necessary  to  associate  it  with  means  for  trans- 
ferring the  line  wire  from  one  set  of  instruments  to  another  simultaneously, 
at  as  many  stations  as  desirable  on  a  line,  in  order  to  produce  a  muliiplieity 
of  signalling  circuits" 

As  he  regarded  it,  this  paragraph,  read  in  a  general  way,  bean  a 
liberal  interpretation  such  as  was  intended,  and  there  is  nothing  extra- 
vagant in  its  composition ;  but  he  was  told  that  one  might  just  as  well 
argue  in  the  following  strain  :— 

''  Now  that  we  have  a  horse  that  has  run  one  mile  in  three  minutes,  and 
a  car  capable  of  holding  fifty  passengere,  all  we  have  to  do  is  to  attach  the 
horse  to  the  car  and  carry  the  passengers  [at  the  rate  of  twenty  miles  an 
hour." 

Of  course,  this  latter  argument  is  preposterous ;  and  in  looking  for 
the  analogy  that  is  assumed  to  exist  between  it  and  the  one  quoted 
.from  his  paper,  the  writer  finds  that  the  latter  has  been  construed  as 
disregarding  the  element  of  counter-electromotive  force  that  is  intro- 
duced into  circuit  by  the  exclusion  of  way  circuit  apparatus.  He  has 
therefore  to  explain  that  this  possible  impediment  to  the  practicable 
operation  of  an  unreasonable  number  of  way  offices  in  any  one  circuit 
has  not  been  overlooked.  In  the  paragraph  alluded  to,  the  expression 
is  '^  at  as  many  stations  as  desirable/'  As  is  known  in  practice  it  is 
very  rarely  that  more  than  two  or  three  offices  are  simultaneously  hand- 
ling the  same  despatch,  so  it  would  be  idle  to  have  apparatus  included 
in  circuit  where  there  in  no  occasion  for  it.  His  idea  is  to  have  on  a 
line  of  15  or  20  stations  a  system  of  multiple  circuits,  one  or  more  of 
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which  are  set  apart  exclusively  for  calling  purposes.  All  of  the  offices 
are  included  in  these  circuits, — some  in  one,  some  in  another,  as  will  be 
found  most  convenient.  When  the  operator  at  a  given  office  has  an- 
swered his  call,  he  switches  his  signalling  apparatus  into  one  of  the 
other  circuits  designated  by,  or  predetermined  for,  the  office  that  has 
called  him.  In  this  way  the  circuits  can  be  utilized  to  the  best  advan- 
tage. As  for  the  multiplicity  of  offices  on  the  calling  circuits,  the 
counter  E.  M.  F.  presented  by  their  apparatus  need  not  be  taken 
into  account,  for  its  deleterious  effect  consists  in  hampering  the  rapid 
transmission  of  signals,  and  on  calling  circuits  speedy  signalling  is  not 
at  all  requisite.  He  must  here  emphasize  the  fact  that  in  designing 
this  system,  he  has  been  guided  by  thoroughly  practical  considerations 
throughout.  He  could  now  perhaps  to  some  advantage  present  a  fur- 
ther and  fuller  explanation  as  to  the  operation  of  the  system,  having 
reference  to  the  drawings  Plates  I  and  II.  . 

It  will  be  understood,  in  view  of  the  descriptions  already  given  in 
the  paper,  that  the  conditions  for  operation  comprehended  24  reversals 
of  current,  that  is  12  +  and  12  —  alternations  per  second.  And  as  it 
was  shown  that  this  provision  is  necessary  for  the  transmission  of 
signals  at  the  fastest  practicable  rate  of  Morse  transmission,  and  since 
the  downward  movements  of  the  key  are  reproduced  by  the  currents  of 
one  polarity,  and  the  upward  movements  by  the  currents  of  opposite 
polarity,  it  is  obvious  that  the  key  movements  must  be  brought  into 
correspondence  with  the  regularly  alternating  pulsations. 

The  meand  whereby  this  correspondence  is  effected  is  shown  in  Plate  I^ 

In  the  act  of  transmission  the  opening  of  the  switch  S  corresponds 
to  an  upward  movement  of  the  key  K ;  this,  as  already  explained,  allows 
a  —  phase  of  the  main  current  to  pass,  and  interrupts  the  +  phase.  The 
relay  R  responds  to  the  — phase,  and  the  lever  1  rests  on  the  back  stop, 
b.  If  now  the  key  K  is  closed,  the  lever  Tr  of  the  transmitter  will  be 
drawn  down,  and  a  circuit,  independent  of  the  key  K,  will  be  closed 
through  the  magnet  Tm,  by  the  lever  Tr,  its  lower  stop,  the  dotted 
lines  battery  Tb  and  the  lever  I  and  back  stop  b  of  the  relay.  So,  if 
the  key  is  now  upraised,  the  transmitter  lever  will  remain  depressed. 
In  this  position  it  affords  a  path  for  the  +  pulsations  of  current.  The 
first  4- pulsation  passing  through  it  will  actuate  the  lever  1  of  the  relay, 
and  carry  it  from  the  back  stop  b  to  the  front  stop  f,  where  it  will  close 
the  circuit  of  the  sounder  So.  The  instant  the  lever  1  leaves  its  back, 
stop  b,  the  transmitter  lever  will  be  released  and  upraised. 

As  this  effect  is  produced  within  a  quarter    of  a  second  of  the 
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upraising  of  the  key,  and  as  it  b  physically  impossible  for  the  manipula- 
tor to  depress  the  key  again  within  that  brief  space  of  time,  it  is  dear 
that  the  uprising  cannot  be  prevented  by  any  subsequent  depression  of 
the  key. 

But  in  order  that  the  uprisal  of  the  lever  Tr  may  be  ejQTectual,  it 
must  remain  undisturbed  for  a  brief  space  (not  exceeding  ^j  sec.)  to 
allow  the  next —  phase  of  the  current  to  pass. 

It  is  therefore  necessary  to  obviate  the  possibility  of  a  downward 
movement  of  the  key  during  that  period  affecting  the  position  of  the 
transmitter  lever.  A  further  inspection  of  the  circuits  will  show  how 
this  is  done. 

If,  at  the  moment  the  lever  1  of  the  relay  R  is  brought  against  its 
front  stop  f,  the  key  K  is  open,  a  circuit  is  formed  by  the  contacts  1, 
f,  including  the  batteries  Tb  Sb  and  the  soimder  So.  If,  now,  the  key 
K  is  depressed,  the  lever  Tr  of  the  transmitter  will  be  unaffected, 
because  the  battery  Sb  is  in  shunt  with  Tb,  and  its  current  through 
the  magnet  Tm  is  opposed  to  that  of  Tb,  and  renders  the  power  of  the 
latter  inadequate  to  pull  down  the  lever  Tr.  The  instant,  however,  that 
a  —  pulsation  passes  to  line,  the  lever  I  of  the  relay  B  is  carried  away 
from  the  stop  f ;  the  disconnection  opens  the  circuit  described  through 
So,  the  current  of  Sb  is  withdrawn,  and  that  of  Tb  alone  operates  by 
way  of  the  key  K  through  Tm,  and  the  transmitter  lever  is  pulled 
down.  This  action  all  occurs  within  ^V  o^  ^  second  of  the  key  movement. 

As  each  movement  of  the  key  occupies  no  less  than  ^^  of  a  second, 
and  the  reversals  of  current  occur  with  that  frequency,  the  key  cannot 
ACt  faster  than  the  currents. 

When  it  happens  that  the  downward  and  upward  movements  of  the 
key  are  respectively  concurrent  with  the^  -j-  and  —  phases  of  current,  the 
lever  1  of  the  relay  in  responding  will  not  interfere  with  the  position  of 
the  transmitter  lever  Tr,  because  the  balance  of  current  obtaining  when 
Tb  is  opposed  by  Sb  (though  inadequate  to  draw  it  down  when 
upraised)  is  sufficient  to  hold  it  in  position  afler  it  has  been  depressed 
by  the  action  of  Tb  alone  in  circuit  with  the  key. 

Each  upward  and  downward  movement  of  the  key  is  therefore  faith- 
fully reproduced  in  the  main  circuit.  The  lever  I  of  the  reiaj  S 
follows  the  movements  of  the  key  as  shown ;  and  the  same  carrents 
that  affect  the  relay  B  affect  every  other  relay  that  is  included  in  its 
circuit. 

In  further  explanation  of  the  brief  description  given  on  Plate  II 
it  should  be  pointed  out  that  the  synchronous  motors  are  purely  local 
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in  action,  thoas;li  controlled  by  the  n.'aih  line  receivers  Ba  Bb.  In 
■consequence  of  this,  the  main  circuit  is  quite  independent  of  the  way 
station  conditions,  because  normally  all  of  the  circuits  are  connected 
•'  through  ;  '*  and  if  the  apparatus  at  a  way  station  gets  out  of  adjust- 
ment, the  entire  plant  presents  as  it  were  a  unit  of  conductivity  in  the 
circuit,  permitting  the  uninterrupted  passage  of  the  regularly  recurring 
currents  between  the  terminal  stations.  On  the  other  hand,  when  the 
way  station  apparatus  is  in  proper  working  order,  each  of  tho  multiple 
circuits  presents  the  characteristics  of  a  single  Morse  lino ;  any  one  or 
more  of  which  can  be  grounded  without  interfering  with  the  other  cir- 
cuits. In  the  diagram  the  ground  switches  E  at  the  way  office  indicate 
how  this  is  done.  Of  course  in  such  a  case  the  circuit  is  operated  by 
the  currents  emanating  from  one  end  alone,  as  in  a  regular  Morse  line. 

In  the  actual  arrangement  of  the  way  office  circuits,  spring  jack 
switches  are  provided  for  the  ready  introduction  of  the  signalling 
apparatus  into  circuit,  or  on  either  side  of  an  inserted  ground  wire  in 
any  circuit. 

With  this  further  explanation  the  writer  thinks  he  has  about  covered 
the  ground,  and  believes  he  has  amply  justified  the  high  opinion  of  his 
new  multiplex  system  which  has  been  expressed  by  the  general  super- 
intendent of  the  Government  telegraphs,  Mr.  F.  N.  Gisborne, 

It  is  also  satisfactory  to  have  such  a  favourable  expression  of  opinion 
regarding  his  proposed  system  from  Mr.  Camp,  who,  from  his  wide 
experience  as  electrician  to  the  Canadian  Pacific  Telegraph  Co.,  is 
thoroughly  cognizant  of  the  requirements  of  tbe  general  telegraph 
service.  The  information  Mr.  Camp  has  given  affi>rds  a  good  idea 
of  the  extent  to  which  the  quadruplex  systems  of  multiple  circuit 
telegraphy  are  now  in  use,  though  their  operation  is  confined  to  terminal 
fitations,  and  this  argues  the  existence  of  an  increasingly  wide  field  of 
application  for  a  system  of  the  kind  dealt  with  in  tbe  paper,  which, 
while  affi)rding  a  larger  number  of  circuits  than  is  obtainable  by  the 
methods  of  quadruplex  construction,  is  adaptable  for  the  accommo- 
dation of  intermediate  and  terminal  stations. 


Thursday,  23rd  October. 
JOHN  KENNEDY,  Vice-President,  in  the  Chair, 

The  discussion  of  Mr.  D.  H.  Keeley's  paper  on  ''  Developments  in 
Telegraphy,  etc.,"  occupied  the  evening. 


Thursday,  6th  November. 
E.  P.  HANNAFORD,  Vice-President,  in  the  Chair.. 
JPaper  No.  4JS. 

THE  ERRORS  OF  LEVELS  AND  LEVELLING. 

By  Prof.  C.  H.  MoLbod,  Ma.  E.,  M.  Can.  Soo.  C.E. 

part  i. — the  defects  of  levels. 

As  is  well  known,  levels  are  manufactured  from  glass  tubes  by  grind- 
ing the  inner  surface  of  the  tube  with  emery  powder  placed  on  an 
arbor  rotating  in  a  lathe,  the  arbor  having  been  previously  turned 
from  a  template  to  the  desired  curvature.  The  tube  should  be 
slowly  turned  about  its  axis,  so  as  to  present  the  whole  of  its  inner  sui' 
face  to  the  arbor,  giving  when  the  grinding  is  completed  a  similar  inter- 
nal section  for  all  planes  through  the  axis  of  the  cylinder.  The  sur- 
face intended  to  be  uppermost  should  then  be  brought  to  the  highest 
possible  degree  of  polish.  This  completed,  the  ends  are  temporariij 
plugged  and  the  tube  filled  with  liquid.  The  level  is  then  tested  on  a 
trier,  and  if  the  curvature  proves  to  be  uniform  the  ends  are  hermet- 
icaUy  sealed  and  the  centre  line  of  the  upper  surface  graduated  in 
equally  distant  divisions. 

The  levels  used  on  the  ordinary  engineering  instruments  can  be 
made  with  sufficient  accuracy  by  this  method.  In  the  practice  of  one 
of  the  best  American  makers,  all  levels  of  less  delicacy  than  5''  per 
division  of  2  mm.  are  machine  made,  in  this  manner.  For  levels 
having  a  scale  value  of  from  1''  to  5'',  such  as  are  used  for  astronomical 
and  geodetic  instruments,  it  is  necessary  to  apply  local  corrections 
after  the  level  is  first  roughed  out  on  the  machine.  As  the  level  must 
be  tested  after  every  correction,  this  is  a  very  tedious  as  well  as  most 
delicate  operation,  and  indeed  not  infrequently  ends  in  failure.  It  is 
very  important  that  the  upper  interior  surface  should  have  the  highest 
possible  polish,*  and  be  entirely  free  from  grains  of  emery  or  other  foreign 
particles.     The  glass  employed  should  be  of  the  hardest  and  least 

*Some  makers  maintain  that  the  highest  polish  dees  not  give  the  best  recoltSi  for  what 
reason  Is  not  known  to  the  author. 
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hygroscopic  kind,  in  order  to  avoid  any  deterioration  of  the  accuracy 
of  the  level  through  chemical  action  on  the  glass  by  the  liquid  filling. 
The  tube  should  be  of  uniform  bore  and  thickness.  The  liquid  most 
commonly  employed  for  engineering  levels  is  alcohol.  A  certain  per- 
centage  of  ether  is  sometimes  added  to  the  alcohol,  in  order  to  obtain 
greater  fluidity  and  therefore  increased  sensitiveness  in  the  level.  Ether 
of  naphtha  is  also  sometimes  used  for  instruments  of  this  class.  For 
the  highest  class  of  levels  the  filling  liquid  generally  employed  is  sul- 
phuric ether,  with  sometimes  a  small  percentage  of  chloroform. 

Too  little  attention  is  paid  to  the  mounting  of  bubbles.  The  usual 
method  of  enclosing  the  glasses  rigidly  in  a  metal  tube  may  give  rise 
to  such  serious  changes  of  form  in  the  level  as  to  render  it  wholly  unre- 
liable. Some  examples  of  change  of  form  due  to  the  mounting  will  be 
given  hereafter.  Levels  for  '*  precise  "  work  of  all  kinds  should  be  con- 
n3cted  with  the  frame  at  only  two  points,  and  should  then  rebt  on  some 
yielding  material  such  as  cork  or  sheet  lead,  and  be  held  in  place  by 
light  strips  of  metal ;  the  ends  of  the  tube  abutting  against  a  piece  of 
cork.  The  more  delicate  levels  having  a  scale  value  of  3"  or  under 
require  protection  from  air  currents  or  from  rapid  changes  of  tempera- 
ture, due  to  radiation  from  surrounding  objects,  and  should  be  enclosed 
in  a  glass  tube.  The  ends  of  such  levels  are  chambered — that  is 
there  is  a  diaphragm  cutting  off  from  ^  to  1  inch  of  the  end  of  the 
tube,  the  diaphragm  having  a  small  hole  in  it — to  admit  of  adjusting 
the  bubble  to  a  standard  length  under  varying  temperature. 

Having  thus  briefly  reviewed  the  construction  of  levels  we  are  brought 
to  the  object  the  writer  has  in  view, — a  consideration  of  some  of  the 
defects  to  which  levels  are  subject. 

Irregular  Curvature. — This  gives  rise  to  a  shift  in  the  zero  position 
of  the  bubble  with  each  change  in  the  temperature  of  the  liquid,  since 
the  bubble  shortens  or  lengthens  more  towards  one  end  than  the  other 
as  the  liquid  expands  or  contracts.  An  engineer's  level  having  this 
defect  will,  when  placed  in  adjustment  at  any  one  temperature,  not  be 
in  adjustment  for  any  other  temperature.  Where  the  level  is  used  to 
measure  angular  values,  as,  for  example,  the  inclination  of  the  axis  of 
An  astronomical  transit,  it  is  obvious  that  the  result  will  depend  on  the 
position  of  the  bubble  on  the  scale.  Irregularity  of  curvature  is  unfor- 
tunately a  common  defect  in  engineering  levels,  and  to  it  are  no  doubt 
due  many  of  the  discrepancies  so  oft^n  met  with  in  levelling.  Where 
the  range  in  the  scale  value  is  not  great,  such  an  instrument  may,  with 
proper  precautions,  be  used  on  ordinary  engineering  work,  but  would 
be  quite  inadmissible  for  astronomical  purposes,  where  the  scale  value 
is  the  important  factor. 


276  McLeod  on  Errors  of  Levels. 

A  level  which  was  made  for  McGill  College  some  years  ago,  to  bo 
Tised  as  a  striding  level  for  a  transit-theodolite,  has  a  scale  value  mn- 
ning  somewhat  as  follows,  from  end  to  end  : — 12*,  37*,  34*,  22*,  20', 
3*,  with  a  portion  of  the  ends  flat  or  of  reversed  curvature.  This 
instrument  is  of  course  worthless.  When  the  fact  is  added  that  ita 
maker  has  made  and  can  make  good  levels,  it  will  be  acknowledged 
that  every  level,  no  matter  what  may  be  the  reputation  of  the  maker^ 
should  be  subject  to  most  careful  test  before  being  put  into  use. 

Difference  of  sectional  area  of  the  ends  of  the  tube  also  gives  rise  to 
a  shift  in  the  zero,  since  for  a  given  change  of  temperature  the  airspae^ 
at  one  end  will  be  altered  in  length  to  a  greater  or  less  extent,  according 
as  it  is  towards  the  smaller  or  larger  end  of  the  tube.  Where  the  griod- 
ing  tool  has  been  carefully  applied  around  the  whole  circumference,  the 
axes  of  the  grinding  arbor  and  tube  being  maintained  parallel  to  each 
other  during  the  operation,  and  the  tube  is  of  fairly  uniform  diameter, 
the  condition  of  equality  in  the  two  ends  is  most  perfectly  fulfilled. 

Roughness  of  the  upper  interior  surface,  arising  from  imperfect  polisli 
or  from  small  particles  of  emery  adhering  to  the  glass,  will  give  result> 
which  at  first  sight  closely  resemble  those  arising  from  irregular  cuirs- 
ture.     The  bubble  is  held  back  by  the  rough  particles,  while  the  levtl 
is  turned  through  a  considerable  angle,  thus  giving  the  appearance  oi 
increased  scale  value,  and  when  the  bubble  finally  breaks  away,  it  move? 
through  several  divisions  of  the  scale  as  if  the  curvature  at  that  polo: 
were  very  much  flattened  out.     A  level,  which  was  recently  sent  to  tk 
writer  for  examination,  gave  a  reasonably  uniform  scale  value  for  Ion* 
runs,  but  when  it  was  examined  more  closely  showed  great  irregularity. 
Two  points  were  found  on  the  tube,  at  which  the  tests  showed  then.- 
must  be  some  obstruction.     In  one  position  the  bubble  held  througb 
a    change   of  inclination    of    6*.      Examination    with  a   magnifyiog 
glass  revealed  very  minute  particles  of  emery  embedded  in  the  glass 
at  each  of  the  points.     After  these  were  removed  the  level  was  found  to 
be  of  very  uniform  scale  value  and  sensitive  at  all  points.     Such  \ 
defect  in  an  engineering  level  would  render  good  work  impossible,  aod 
would,  in  addition,  be  very  annoying  to  the  observer,  inasmnch  as  it 
would  be  difficult  to  keep  the  bubble  in  the  centre,  unless  indeed  th^ 
obstruction  happened  to  be  at  one  end  of  the  bubble  when  in  its  central 
position.     The  common  defect  of  sluggishness  and  uncertainty  in  the 
position  of  rest  is  no  doubt  largely  due  to  a  rough  surface,   though 
doubtless  also  to  some  extent  arising  from  the  character  of  the  liquid 
filling.^    When  there  is  such  roughness  of  surface  the  position  of  rest  d 
•  For  affect  of  length  of  bubble  on  sensitiveneM  lee  Diicassion. 


McLeod  on  En^ors  of  Levels,  277 

the  babble  is  noticeably  affected  by  the  velocity  with  which  it  moves. 
When  the  position  of  the  level  is  qaickly  altered  the  bubble  overshoots 
its  mark  and  is  held  beyond  the  proper  resting  place.  When,  on  the 
other  hand,  the  level  is  very  slowly  moved,  the  bubble  will  not  quite 
reach  its  true  position  of  rest.  In  these  cases  a  slight  tap  on  the  glass 
will  usually  suffice  to  bring  the  bubble  to  its  true  position.  Up  to  a 
few  years  ago  all  the  levels  the  writer  had  met,  of  the  manufacture  of  a 
certain  well-known  London  maker^  had  this  defect.  The  level  of  the 
telescope  of  one  of  the  5  in.  transit  instruments  in  McGill  College,  the 
scale  value  of  which  is  25",  may  be  made  to  take  up  a  position  in  this 
way,  anywhere  within  a  range  of  T,  or  up  to  a  maximum  of  3."5 
from  its  true  position. 

Levels  are  subject  to  change  of  form,  either  from  a  change  in  the 
glass  itself  or  from  the  pressure  due  to  change  of  form  of  the  mounting, 
under  the  influence  of  temperature  or  otherwise.  The  latter  may 
be  guarded  against  by  a  proper  form  of  mounting.  The  former, 
whether  from  permanent  structural  changes  in  the  glass  or  from  tem- 
porary changes  under  varying  temperature,  can  only  be  met  by  an 
investigation  of  each  individual  level.  If  there  be  a  permanent  change 
of  form  there  is  of  course  liability  to  an  irregular  change  of  curvature, 
rendering  the  instrument  worthless  as  an  instrument  of  precision.  The 
only  example  of  this  kind  of  change  which  has  come  under  the  writer's 
notice  is  an  excellent  level  made  by  one  of  the  best  American  makers. 
It  is  described  by  the  maker  as  made  from  the  best  kind  of  Bohemian 
glass.  It  is  needless  to  state  that  the  possibility  of  any  change  of 
form  is  stoutly  denied  by  the  maker.  Here,  however,  is  the  evi- 
dence in  the  case : — 

Purchased  in  April,  1883,  and  forwarded  by  the  maker  to  Prof.  W. 
A.  Rogers,  then  of  Harvard  College  Observatory,  for  examination  and 
determination  of  the  scale  value.  The  level  was  placed  in  wyes  attached 
to  the  cube  of  the  meridian  circle  of  Harvard  College  Observatory,  and 
adjusted  so  as  to  be  parallel  to  the  optical  axis  of  the  telescope.  The 
scale  values  were  read  off  on  the  circles  in  a  series  of  seventeen  separate 
determinations,  extending  from  April  6th  to  April  25th.  The  result- 
ing mean  value  of  one  division  was  2."19  ±  0."02. 

The  level  was  then  forwarded  to  Montreal,  and  has  been  in  contin- 
uous use  as  a  striding  level  for  an  astronomical  transit  up  to  date.  It 
has  received  two  severe  jars,  falliDg  from  the  transit  instrument  to 
the  floor, — first  in  June,  1883,  and  the  second  time  about  one  year 
aflerwards.  On  April  Ist  and  2nd,  1884^  the  scale  value  was  deter- 
mined OD  a  level  trier  in  the  workshops  of  Messrs.  Heam  &  Harrison^ 
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and  gave  a  mean  value,  from  three  sets  of  sixteen  determmations  eadi, 
of  2^'.40  with  an  inappreciable  probable  error.  The  value  of  one 
revolution  of  the  screw  on  this  trier  was  measured  by  comparison 
with  an  Elliot  Bros.  -^^  th  gauge,  which  was  itself  verified  by  com- 
parison with  a  standard  bar  by  Professor  Rogers. 

During  the  years  1889  and  1890  several  deternjioations  at  different 
times  and  under  various  condition s  have  been  made  on  a  level  trier  in 
McGill  College,  the  screw  of  which  has  been  compared  with  the  gauge 
above  referred  to ;  the  results  of  these  comparisons  are  given  below  :^ 


Date 

Temperature 
of  toe  air. 

Length  of 
Bubble. 

Resulting 
Scale  value. 

1889 

Jan.  30th. 

70 

51  mm. 

2.''63 

May  16th. 

62« 

37  mm. 

2.''48 

July  15th. 

69.<»6 

35  mm. 

2.''56 

July  15th. 

69.«>5 

54  mm. 

2.''58 

At      52.*»0 


Average  value  in  1889  =  2.^^66 


1890 
Feb.  22Dd. 

March  6th. 

Sep.  20th. 


At 


75*> 
15*> 
65« 
52« 


51  mm. 
39  mm. 
43  mm. 


2.*66 

2.^60 

2.'61 


Average  value  in  1890  =  2.*56 


In  order  to  discover  if  the  change  in  form  was  in  any  way  due  to 
^<training  by  the  frame,  the  glass  tube  was  removed  from  its  frame  and 
binding  screws  immediately  afler  the  test  on  Sept.  20th  last,  and  in 
one  hour  was  again  examined  and  gave  the  same  result.     It  wts 
again  examined,  forty  hours  after  removal  from  the  frame,  with  thesanie 
result.     There  has  undoubtedly  been  a  decided  change  of  form  in  tbe 
iilass,  and  that,  as  was  to  be  expected  from  the  method  of  mounting, 
without  external  strain.     Fortunately  there  is  no  serious  change  in  the 
uniformity  of  the  curvature.    The  final  form  which  the  glass  now  seems 
to  have  attained  may  have  been  reached  several  years  ago,  but  certainlj 
not  within  three  years  after  it  had  left  the  hands  of  the  maker. 
'1  hese  results  would  point  to  the  desirability  of  the  finished  levels  being 
kept  in  stock  for  one  or  more  years  by  the  makers,  in  order  to  give 
time  for  any  change  of  form  to  reveal  itself.  Such  inquiry  as  the  writer 
has  been  able  to  make  has  failed  to  discover  a  maker  who  adopts  this 
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precaution.  It  is  well  known  that  a  similar  trouble  has  arisen  in 
the  case  of  the  glass  used  for  thermometers^  but  here  the  makers 
recognise  the  need  of  seasoning  the  glass  before  the  thermometer  is 
graduated  and  put  on  the  market. 

An  examination  of  the  table  given  above  will  also  show  a  slight 
change  of  scale  value,  due  to  temperature.  Although  small,  amounting 
only  to  about  0.''0015  per  degree  Fah.,  it  is  of  quite  sufficient  impor- 
tance to  be  taken  into  accdunt  in  a  longitude  determination,  amounting 
as  it  does  to  over  one-tenth  of  a  second  of  arc  for  our  average  range  of 
mean  temperature  in  the  year. 

The  writer  is  unable  to  offer  any  observations  of  his  own  in  illustration 
of  temporary  changes  of  great  extent  in  a  level,  unstrained  by  its 
mounting ;  but  that  there  are  such,  and  very  serious  ones,  rendering  the 
instrument  quite  unfit  for  delicate  measurements,  the  following  extract 
from  a  paper  read  at  the  Montreal  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  by  Prof.  W.  A.  Rogers,  will  show  : — "  In 
''  order  to  show  the  necessity  for  repeated  and  continuous  observations 
'^  for  the  determination  of  the  value  of  one  division  of  the  level,  I  record 
''  here  my  experience  with  the  companion  level  of  the  instrument  known 
"  as  the  Russian  transit "  (H.  C.  Observatory).  **  It  was  made  in  the 
"  workshop  of  the  Pulkowa  Observatory. 

*^  I  began  the  observations  about  8  o'clock  in  the  morning  of  Nov.  13, 
*^  by  comparing  the  readings  of  the  circle  with  bubble  first  at  the  mid- 
"  die  of  the  tube  and  then  at  the  extreme  end.  Proceeding  in  this  way 
'^  with  each  five  divisions  in  succession,  I  was  surprised  to  find,  not  only 
'^  a  continued  diminution  of  the  value  of  one  division,  but  a  well-defined 
'^  shifting  of  the  zero  of  the  level.  By  noon  I  had  aearly  completed  the 
**  examination  for  the  first  half  of  the  divisions.  I  then  opened  the 
''shutters  for  an  observation  of  the  sun.  After  an  interval  often 
"  minutes,  observations  with  the  level  were  resumed,  when  it  was  found 
^'  that  the  value  of  one  division,  determined  from  the  same  space  as 
''  before,  had  increased  by  one-fourth  of  its  mean  value.  It  will  be 
'<  sufficient  to  give  in  illustration  the  results  of  the  observations  on  three 
"days. 


1881.    Nov.  13th. 

open    ) 

Subsequent  observations  made  under  different  conditions  confirmed 
these  results.    Professor  Rogers  adds :— **  It  is  hardly  necessary  to  si^y 


Nov.  14th. 

1  dlT  -  1.20*'  Th.  =  40» 
1  div  -  2.0e»  Th.  -  70* 


Nov.  15th. 

1  div  «  2.06''Th.  -  4r» 
ldlT«1.78«'Th.-86*'" 
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'*  that  this  level  has  been  discarded  as  worthless.  On  the  other  hand, 
'^  the  mounted  level  furnished  with  the  Russian  transit  proves  to  be  an 
"  excellent  one." 

Here,  then,  are  two  levels  made  in  the  same  workshop, — the  one  prov- 
ing to  be  a  good  instrument,  the  other  totally  unreliable.   A  difference 
in  the  quality  of  the  glass  is  the  cause  to  which  one  would  naturally  refer 
this  discrepancy,  and  this  suggests  an  investigation  of  the  permanence  of 
form  of  the  different  kinds  of  glass,  one  which,  so  far  as  the  writer  is 
aware,  has  not  yet  been  undertaken.     The  peculiar  behaviour  of  this 
level,  under  the  conditions  of  the  test  imposed,  emphasizes  the  necessity 
of  shading  levels  from  the  direct  heat  rays  of  the  sun,  a  practice  which 
is  always  insisted  on  in  geodetic  levelling,  and  which  with  little  trouble 
might  be  adopt  3d  for  the  more  important  lines  of  levels  in  railway 
or  canal  work.    A  shade  over  the  level  is  also  important  on  account  of 
the  errors  in  reading  the  bubble,  arising  from  the  sun's  rays  falling 
obliquely  upon  it,  giving  a  different  illumination  to  the  opposite  cods. 
Examples  of  change  in  the  form  of  levels  due  to  the  varying   strain 
in  the  mounting  are  only  too  abundant.     In  two  Dumpy  levels,  ia 
which  the  glass  tube  is  held  in  a  brass  case  and  plaster  of  Paris,  the 
scale  values  were  determined  as  follows  : — In  one  21. '5  at  66®  Fah.  and 
17.n   at  20°  Fah.,   and  in  the  other  26."7  at  67°  Fah.  and  24.'0  at 
20**  Fah.,  giving  respectively  changes  of  1*  for  each  10®  and    17®  of 
temperature.     The  mere  change  of  scale  value  is  not  the  important 
point  in  such  levels,  but  the  associated  circumstance,  of  which  there 
can  scarcely  be  a  doubt,  that  a  change  in  the  zero  of  the  level  takes 
place  with   each  change  of  scale  value,  putting  the  instrument  which 
may  have  been  placed  in  adjustment  at  a  given  temperature  out  of 
adjustment  for  any  other  temperature. 

Since  the  introduction  of  ether  as  a  filling  fluid  in  levels,  it  has  been 
found  that  in  some  level  tubes  so  filled  a  deposit  has  occurred  on  the 
surface  of  the  glass,  the  accuracy  ofthe  instrument  being  in  consequence 
either  greatly  impaired  or  destroyed.  The  rough  particles  hold  the  air 
bubble  and  prevent  that  freedom  of  motion  so  essential  in  a  good  level. 
Dr.  F.  Mylius*  has  shown  that  these  deposits  occur  through  the  action 
of  the  smaU  quantity  of  water  remaining  in  the  ether,  on  the  potash  or 
soda  in  the  glass.  It  is  a  matter  of  very  great  difficulty  to  fill  a  level 
tube  with  perfectly  dry  ether.  Dr.  Mylius  used  eosin  as  a  re-agent  in 
his  investigation  since  it  imparts  a  light  yellowish  colour  to  ether-f-  and 
gives  a  bright  red  colour  to  water. 

^  Zeitschrift  fiir  Instrumentenkunde. 

t  Perfectly  pure  anhydrooB  ether  is  not  coloured  by  eosin. 
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By  adding  som3  eosin  to  a  tubs  filled  with  ether  at  the  ordinary 
temperature  of  a  room,  and  then  lowering  the  temperature  of  the  tube 
and  the  liquid  considerably,  small  globules  of  water  were  found  to  be 
separated  from  the  ether  and  to  deposit  themselves  on  the  walls  of  the 
tube,  becoming  visible  by  reason  of  the  bright  red  colour  caused  by  the 
eosin. 

He  demonstrated  also  that  these  small  particles  of  water,  retaining 
their  places,  very  shortly  became  saturated  with  potash  or  soda  from 
the  glass,  and  that  after  the  lapse  of  a  few  weeks  small  particles  of  potas- 
sium or  sodium  compounds  appeared  within  the  drops.  Where  an  acid 
is  present  in  the  filling  material — as  is  usually  the  case — the  deposit 
will  take  place  in  a  crystalline  form.  Dr.  Mylius  and  others  have 
found  that  these  deposits  are  more  likely  to  occur  in  glass  rich  in 
alkalies,  while  in  those  having  a  large  proportion  of  lead  or  zinc  they 
are  less  likely  to  occur.  The  harder  the  glass  the  less  likelihood  is 
there  of  the  deposits  occurring.  Also  that  they  are  more  likely  to  occur 
where  the  surface  is  rough  than  where  it  is  highly  polished.  To  demon- 
strate this  he  roughened  a  delicate  level  tube  previously  uninjured,  and 
found  after  the  lapse  of  some  weeks  deposits  occurring  on  the  roughened 
surfaces. 

Where  such  substances  as  alcohol  and  water  are  used  for  the  filling 
material,  the  formation  of  crystal  is  prevented  since  the  alkalies  extract- 
ed from  the  glass  will  go  into  solution.  Alcohol  is,  however,  not  suffi- 
ciently mobile  for  delicate  levels.  Experiments  on  the  use  of  other 
fluid  substances,  such  as  benzoline,  petroleum,  and  chloroform,  have  been 
made,  but  in  them  also  the  deposit  of  water  occurs.  The  solution  of  the 
difficulty  seems  to  lie  in  a  proper  selection  of  the  glass.  Flint  glass 
having  a  large  proportion  of  lead  is  not  suitable  owing  to  its  softness 
and  liability  to  alter  its  form.  The  choice  of  glass  would  seem  to  lie 
between  Bohemian  glass  containing  lime,  thermometer  glass  containing 
sine,  and  crystal  glass  containing  lead. 

When  we  consider  the  many  defects  to  which  a  level  is  subject,  it 
becomes  obvious  that  it  is  an  instrument  which,  while  it  is  capable  of 
yielding  results  of  the  highest  accuracy,  is  also  one  to  be  used  with  great 
precaution.  In  fact,  it  can  only  be  considered  an  instrument  of  precision 
ivhen  subjected  to  careful  examination  and  test  during  the  period 
covered  by  the  observations  in  which  it  is  being  employed^  and  under 
conditions  similar  to  those  in  which  it  is  being  used. 


THE  ERRORS  OF  LEVELS  AND  LEVELLING. 

By  Prof.  C.  H.  McLeod,  Ma.E.,  M.Can.SocC.B. 

part  ii. — errors  of  levelling. 

Id  considering  the  errors  of  leyelling,  reference  will  only  be  made  to 
such  operations  as  are  ordinarily  included  under  the  name  of  spirit 
levelling,  omitting  any  reference  to  trigonometrical  levelling,  in  which 
the  spirit  level  plays  an  equally  important  part.  It  will  first  be  proper 
to  remark  that  spirit  levelling  may  be  broadly  divided  into  two  classes: 
The  ordinary  levelling  undertaken  in  connection  with  railways,  canals, 
drainage,  etc. ;  and  "  geodesic  "  or  "  precise  '*  levelling,  where  the 
highest  attainable  accuracy  is  sought  in  fixing  the  elevations  of  inland 
points  with  refen  nee  to  a  common  mean  sea-level  datum.  Nearly  all 
European  countries  are  carrying  out  such  systems  of  levelling  in  con- 
nection with  trigonometrical  surveys ;  and  in  the  United  States  many 
thousands  of  miles  have  been  run  under  the  direction  of  the  Coast  and 
Geodetic  Survey,  the  Lake  Surviy  and  the  Mississippi  Biver  Commis- 
sion. Some  few  hundreds  of  miles  have,  the  writer  believes,  betn 
levelled  in  Canada  by  precision  methods,  but  he  has  not  the  details 
before  him. 

The  instruments  employed  in  spirit  levelling  may  for  convenience  be 
divided  into  three  classes, — the  dumpy,  the  wye,  and  the  precision  level. 
The  form  of  the  dumpy  and  wye  as  employed  for  ordinary  levelling 
need  not  be  described  here.  The  precision  level  appears  under  a  variety 
of  forms.  Those  which  have  been  used  in  the  best  European  work  and 
in  America  are  of  the  wye  type.  The  level  tube  is  detached  and  used 
as  a  striding  level  on  the  collars  of  the  telescope.  One  wye  is  move- 
able in  a  vertical  direction  under  the  control  of  a  micrometer  screw,  in 
order  to  obtain  the  small  final  adjustment  necessary  to  bring  the  deli- 
cate level  employed  to  a  central  position  on  the  scale.  There  is  a  wide 
range  of  scale  value  in  the  levels  employed  in  the  two  classes  of  work, 
and  also  amongst  the  individual  instruments  used  in  each  class.  This 
divergence  is  much  more  marked  in  the  ordinary  levelling  instrumenta 
than  in  the  geodesic  instruments.     In  illustration  of  this  point,  the 
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scale  values  of  the  levels  (as  they  came  from  the  hands  of  the  maker^ 
belonging  to  McOill  College  are  given  in  the  table  below.  The  scale 
values  employed  for  geodesic  instruments  are  usually  within  the  limits- 
of  3*  and  6*  per  division  of  2™™ ;  equal  respectively  to  3.75"  and 
7.5*  per  div.  of  0.1  in.,  the  length  of  the  division  on  the  levels  referred 
to  below. 

Scale  Values  at  65°  Fab. 


Kind  of  Instrument. 


12  in.  Wye  level. 

14  in.  Dampy  level  «*A." 

14  in.      do         "    «*B.'* 

14  in.      do  " 

14  in.      do         '* 

18  in.  Wye.  " 


Maker's  Name. 


Hammersley. 

Do 

Do 
Stanlev. 
Troughton  & 

Simms. 
Buff  &  Berger. 


Scale  value  per 
div*n.  of  0.1  in. 


T5' 
21* 

27" 

14" 
12" 


Optical  powers. 


18  and  26 


18 
20 
20 

18 


37 


26 
25 
25 

30 


The  optical  powers  in  this  list  will  be  referred  to  hereafter. 

Before  proceeding  to  a  consideration  of  the  errors  of  levelling,  it  will 
be  necessary  to  review  briefly  the  methods  of  adjustment  in  the  several 
forms  of  instruments,  and  in  this  connection  certain  defects  of  construc- 
tion will  most  conveniently  be  referred  to. 

The  object  of  all  methods  of  adjustment  is  to  bring  the  line  of  sight 
parallel  to  the  line  tangent  to  the  inner  surface  of  the  level  tube  at  its 
zero  point, — this  line  will  in  this  paper  be  referred  to  as  the  "  bubble- 
axis."  In  the  dumpy  this  condition  can  only  be  reached  by  the  direct 
method  of  reading  the  rod  on  two  ''pegs/'  the  difference  in  the  level 
of  which  is  known,  one  point  being  near  the  instrument  while  the 
other  is  several  hundred  feet  distant,  and  shifting  either  the  position 
of  the  cross  hairs  or  of  the  level  tube,  until  the  readings  give  the  true 
difference  in  level.  The  only  error  in  this  method  is  the  slight  one  due 
to  the  curvature  of  the  earth,  amounting  to  about  Jooth  of  a  foot  in 
600  feet,  and  to  one-quarter  that  amount  in  300  feet. 

The  method  usually  employed  to  obtain  the  difference  in  level  of 
the  pegs  is  by  setting  the  instrument  at  a  point  midway  between  them. 
The  errors  of  the  readings  then  being  the  same,  the  difference  is  the 
true  one.  A  second  method  of  determining  this  difference  of  levels 
which  is  not  so  generally  practised  and  is  perhaps  not  known  to  all 
engineers,  is  as  follows : — ^First  set  the  instrument  over  one  of  the 
pegs,  so  ihtkt  the  eye  end  will  just  swing  clear  of  the  rod,  held  vertically 
on  the  peg.    When  the  instrument  is  level,  view  the  rod  through  the 
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telescope,  with  the  eye  at  the  object  end ;  the  centre  of  the  small  cir- 
cular portion  of  the  rod  thus  seen  can  be  accurately  estimated  and  its 
position  read  by  the  aid  of  a  pencil  or  knife  edge  held  against  the  rod. 
Then  read  the  rod  as  usual  on  the  distant  peg.  Now  move  the  instni- 
ment  over  the  second  peg,  and  obtain  a  reading  of  the  rod  as  in  the 
case  of  the  first  peg.  Then  read  the  rod  on  the  first  peg  which  is  now 
the  one  distant  from  the  instrument.  If  we  call  the  difference  of  the 
rod  readings  in  the  first  position  of  the  instrument  m,  and  the  differ- 
ence of  those  in  the  second  position  n,  then  the  true  difference  in  the 

elevation  of  the  pegs  is  ^"T""' .  Besults  thus  obtained,  being  from  four 

separate  readings  instead  of  two,  and  being  independent  of  the  accu- 
racy of  any  horizontal  measurement,  are  susceptible  of  greater  precision 
than  the  usual  method.  The  instrument  and  rod  are  now  in  positicm 
for  the  necessary  adjustment,  and  the  distant  rod  reading  will  be 
corrected  by  the  above  amount. 

It  is  customary  to  adjust  the  wye  level  by  the  indirect  method. 
The  line  of  sight  being  examined  for  coincidence  with  the  axis  of  the 
collars  by  revolving  the  telescope  in  its  wyes,  the  bubble-axis  is  then 
tested  for  parallolisiii  with  the  bearings  of  the  collars  by  turning  the 
telescope  end  for  end  in  its  wyes,  and  the  necessary  corrections 
applied.  This  method  is  based  on  the  assumption  that  the  collars  of  the 
telescope  are  true  cylinders,  and  have  equal  diameters — an  assumption 
which  is  often  wide  of  the  mark.  In  the  case  of  one  level  used  by 
the  author,  the  error  due  to  this  cause  amounts  to  somewhat  over  jQ^th 
of  a  foot  in  100  feet,  a  condition  of  adjustment  which  should  be  quite 
inadmissible  for  good  railroad  levelling.  It  is  not  an  uncommon  cir- 
cumstance, in  his  experience,  amongst  users  of  wye  levels,  to  find  the 
fulfilment  of  the  first  portion  of  this  test — the  revolution  of  the  telescope 
in  its  wyes — accepted  as  a  guarantee  of  the  perfection  of  the  whole. 
Such  an  error  of  judgment  is  of  course  impossible  with  persons  ac- 
quainted with  the  theory  of  the  instrument ;  but  alas,  the  holder  of 
the  position  of  "  Engineer  "  in  this  free  country  of  ours  may  readUy 
be  a  touch  above  theoretical  considerations. 

For  convenience  only  is  it  desirable  that  the  bubble  should  remain 
central  while  the  instrument  rotates  about  its  vertical  axis.  In  the 
dumpy  this  adjustment  must  be  made  before,  and  in  the  wye  after, 
the  essential  adjustments  have  been  completed.  It  is  commonly  stated 
in  defence  of  the  indirect  method,  that  there  is  a  saving  of  time  as 
compared  with  the  direct  or  "peg"  m2thod.  Such  is,  however,  not 
the  author's  experience.     The  time-consuming  portion  of  the  work  is 
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the  making    of  the    necessary    corrections  to    the     level   tube  and 
reticule.      In   the   essential    adjustments    by    the    indirect    method 
both  may  require    correction,   whereas    in   the   direct    method  only 
one  of  them — preferably  the  reticule— should  be  moved.     We  have 
then  in    comparing   the    relative    convenience    of  the  two,  on   the 
one    hand    the  matter    of   setting    up    the    instrument    once    and 
making  two  or  three   rod  readings,   and  on  the  other  the  complete 
adjustment  of  the  level   tube.      The    writer    would   rather   set  up 
ten  instruments  and  make  as  many  rod  readings  (and   could  do  it 
in  less  time),  than  adjust  one  bubble  tube.     This  indirect  method 
seems  to  him  to  have,  for  the  purposes  of  ordinary  levelling,  no  one  point 
to  commend  it  in  preference  to  the  direct  method,  and  has  the  disadvan- 
tage that  it  does  not  guarantee  correct  adjustment,  unless  the  pivots 
have,  after  careful  examination,  been  ascertained  to  be  equal ;  or  the 
proper  correction  determined  and  applied.  The  wye  is  undoubtedly  the 
most  scientific  instrument,  and  for  precise  work  has  some  advantages, — 
huch,  for  example,  as  the  possibility  of  eliminating  the  error  due  to  want 
<'f  coincidence  of  the  sliding  tube  with  the  line  of  sight.    In  a  well  con- 
sti  ucted  dumpy,  however,  this  error  must  always  be  trifling.  The  writer 
has  never  been  able  to  understand  why  the  wye  level  should   be  used 
in  ordinary  levelling  in  preference  to  the  dumpy.     The  wye  form  is 
more  difficult   of  construction,  more  expensive,  less  rigid  when  con- 
fctructed,  and    hence   more  liable  to  get  out  of  repair.     The  most 
abominable  instrument  ever  put  in  the  hand  of  man  is  an  old  and 
bhaky  wye  level.    He  submits  that  in  the  interest  of  good  work,  if  not 
of  economy,  tlie  construction  of  the  wye  form  for  ordinary  levelling 
should  be  abandoned  in  favor  of  the  more  compact  and  rigid  dumpy. 
The  modification  of  the  dumpy,  such  as  Cushing's  reversible  level  and 
other  deviations  from  the  type  form,  do  not,  for  similar  reasons,  com- 
mend  themselves  to  him.     The  adjustments  for  coincidence  of  the 
optical  axes  of  the  objective  lens  and  the  eye-piece  with  one  another 
and  with  the  axis  of  the  tube,  provided  for  in  the  wye  but  not  in  the 
dampy,  are  really  makers'  adjustments,  and  except  in  the  case  in  which 
the  axis  of  the  objective  slide  makes  an  angle  with  that  of  the  tube 
are  not  essential  to  correct  work.*     A  very  important  point  to  be  at- 
tended to  in  the  construction  of  all  levels,  and  in  the  examination  of 
them  from  time  to  time  by  the  Engineer,  is  thut  the  object  lens  b  not 
loose  in  its  cell,  and  that  the  cell  is  not  loose  in  the  telescope  tube. 
Both  these  defects  are  apt  to  occur  through  time.     The  tightening 

•  The  test  (or  thU  error  \m  most  oODTeniently  made  in  the  wye  by  sighting  on  a  distant 
jtnd  a  near  object  in  the  reversed  position  of  the  telescope  tube,  and  in  the  dumpy  should 
be  made  by  the  three  peg  method  referred  to  by  Mr.  Irwin  in  the  dieousston. 
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band  at  the  back  of  the  cell  should  screw  into  place  in  order  to  per- 
mit such  a  defect  being  rectified.  An  instrument  having  a  loose 
objective  is  impossible  of  adjustment  and  fatal  to  good  work. 

The  accompanying  cut,  taken  from  Fauth's  catalogue,  represents  aa 
instrument  of  the  form  used  in  geodesic  work.  The  pattern  employed 
by  the  United  States  Coast  and  Geodetic  Survey  differs  slightly  from 
this  instrument,  which  is  the  one  prescribed  by  the  International  Geode- 
tic Commission,  held  in  Berlin  in  1864,  and  used  in  this  country  od 
the  Lake  and  Mississippi  River  surveys. 


The  following  description  of  the  instrument  is  taken  from  Johnson's 
Theory  and  Practice  of  Surveying: — 

"  The  bubble  is  enclosed  in  a  wooden  case  (metal  case  in  the  cut), 
''  and  rests  on  top  of  the  pivots  or  rings ;  it  is  carried  in  the  hand 
"  when  the  instrument  is  transported.  A  mirror  is  provided  which 
''  enables  the  observer  to  read  the  bubble  without  moving  his  eye  from 
''  the  eye-piece.  There  is  a  thumb-screw  with  a  very  fine  thread 
"  under  one  wye,  which  is  used  for  the  final  levelling  of  the  telescope, 
^'  when  pointed,  on  the  rod.  There  are  three  levelling-screws  and  a 
"  circular  or  box  level  for  convenience  in  setting.  The  telescope 
''  bubble  is  very  delicate,  one  division  on  the  scale  cori*esponding  to 
"  about  three  seconds  of  arc.  The  bubble-tube  is  chambered  also, 
''  thus  allowing  the  length  of  the  bubble  to  be  adjusted  to  different 
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''  temperatures.  The  magnifying  power  is  about  45  diameters. 
'^  There  are  three  horizontal  wires  provided,  set  at  suoh  a  distance 
^'  apart  that  the  wire  interval  is  about  one-hundredth  of  the  distance 
'^  to  the  rod.  The  tripod  legs  are  covered  with  white  cloth  to  dim- 
''  inish  the  disturbing  effects  of  the  sun  upon  them.  The  level  itself  is 
''  always  kept  in  the  shade  while  at  work. 

''  The  levelling-rod  is  made  in  one  piece,  three  metres  long,  of  dry 
'^  pine,  about  four  inches  wide  on  the  face,  and  strengthened  by  a 
"'  piece  at  the  back,  making  a  T-sh  iped  cross-section.  The  rods  are 
^'  self-reading,  that  is,  they  are  without  targets,  and  are  graduated  to 
<<  centimetres.  An  iron  spur  is  provided  at  the  bottom,  which  fits 
^'  into  a  socket  in  an  iron  foot-plate.  The  end  of  the  spur  should  be 
''  flat  and  the  bottom  of  the  socket  turned  out  to  a  spherical  form 
"  convex  upwards.  A  box-level  is  attached  to  the  rod  to  enable  the 
''  rodman  to  hold  it  vertically,  and  this  in  turn  is  adjusted  by 
'*  means  of  a  plumb-line.  Two  handles  are  provided  for  holding  the 
"  rod,  and  a  wooden  tripod  to  be  used  in  adjusting  the  rod-bubble. 
*^  The  decimetres  are  marked  on  one  side  of  the  graduations  and  the 
"'  centimetres  on  the  other ;  all  figures  are  inverted  since  the  telescope 
^*  is  inverting.'* 

In  the  use  of  such  a  level  according  to  the  methods  of  precise 
levelling,  it  is  necessary  to  determine  the  instrumental  constants : — 

1.  The  angular  value  of  one  division  of  the  level  tube.  This  may 
be  found  in  the  field  by  sighting  on  a  rod  at  a  known  distance,  taking 
readings  of  the  bubble  along  the  whole  length  of  the  graduated  part 
of  the  tube,  but  it  is  more  satisfactorily  determined  on  a  solidly  mounted 
level  trier. 

2.  The  inequality  in  the  diameter  of  the  telescope  collars.  This  is 
found  by  reading  the  striding  level  on  the  coUars  in  the  two  reversed 
positions,  thus  eliminating  the  error  due  to  the  unequal  length  of  the 
t^triding  level  legs  and  obtaining  the  true  inclination  of  the  surface  of 
the  rings.  The  telescope  is  then  reversed  in  its  wyes  and  the  levelling 
repeated.  The  difference  in  the  two  inclinations,  divided  by  four, 
j;ive8  the  angular  value  of  the  error  or  correction  sought.*  The  fol- 
lowing observations  are  given  as  an  example : — 

Level  readings. 
Eye  end.  Object  end. 

Striding  Level  direct  7.4  9.0 

"  "     reversed  8.0  8.4 

MeanEai7.7         and  8.7 

7.7 

2)1,0 

Inclinatioi  of  upper  surface  of  collars. =0.50 

*  See  Chaaventet's  Astronomy,  Vol.  IT,  p.  133. 
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Telescope  reversed  in  Wyes. 

Level  readiAgs* 
Object  end .        Eye  end . 
Striding  level  reversed  6.6  11.0 

"  "     direct  6.0  11.6 


Means  »6. 3        and  11.3 

5.a 


2)6.0 

Inclination  of  upper  surface  of  collars »3.00 

Difference  of  readings    3.00—0.50     ^  ^„. 
^ ^-= J =0.625 

The  value  of  one  division  of  the  level  was=«5'^.  Hence,  correction  in 
seconds  of  arc  =5  x  0.625  =  3. 12,  and  the  eye  end  is  the  largest,  requirir.j; 
a  negative  correction  to  all  rod  readings. 

3.  The  ratios  of  the  portions  of  the  rod  intercepted  between  the 
three  wires  and  the  distances  of  the  rod.  This  for  the  double  purpoj^t 
of  obtaining  a  measure  of  the  length  of  sights  and  furnishing  a  check 
on  the  readings. 

The  adjustments — making  due  allowance  for  the  fact  that  the  level 
tube  is  moveable — are  the  same  as  those  for  the  ordinary  wye.  Sinci% 
however,  it  is  impossible  to  do  anything  exactly,  and  in  the  best  work 
the  smallest  errors  should  be  provided  for,  the  after-treatment  of  the 
adjustments  is  essentially  different.  They  are  reduced  to  as  near  zcr.-) 
as  possible,  and  the  outstanding  errors  determined  as  follows  : — 1.  Th.^ 
difference  in  the  average  of  the  three  rod  readings  in  the  two  reversc-i 
positions  of  the  telescope  tube  gives  twice  the  coUimation  error  of  the 
mean  line  of  sight,  at  the  known  distance  of  the  rod.  2.  The  inclin.!- 
tion  of  the  bubble-axis  to  the  top  surface  of  the  rings  is  found  by 
taking  a  series  of  readings  of  the  bubble  in  the  reversed  positions,  th  * 
average  of  the  mean  differences  at  the  eye  end  and  at  the  object  end. 
for  level  direct  and  level  reversed,  gives  twice  the  correction  require i 
for  the  inclination  of  the  level  tube.  Thus,  in  the  example  already 
given,  the  difference  is  0.6  diy.  and  the  correction   0.3  x  5.0=  l/^bO. 

These  determinations  are  made  at  the  beginning  and  the  end  of  each 
day's  work,  and  their  resulting  values  combined  with  the  correction  for 
inequality  of  collars,  applied,  in  the  reduction  of  the  notes,  to  all  rod 
readings. 

Methods  of  work.  The  method  of  using  these  instruments  differs  from 
ordinary  work  only  in  that  there  are  three  rod  readings  for  each  setting 
of  the  rod,  and  the  reading  employed  is  the  mean  of  these.  In  some 
cases  the  bubble  is  kept  central  by  means  of  the  micrometer  screw  and 
the  reflecting  mirror ;  and  in  other  cases  only  approximately  so,  the 
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ends  being  read  and  recorded  by  an  assistant.  A  correction  is,  in  the 
latter  case,  afterwards  applied  to  each  rod  reading  for  the  inclination 
of  the  line  of  sight.  The  three  readings  of  the  rod  in  each  position 
should  always  be  compared  before  the  level  is  moved,  in  order,  if  neces- 
sary, that  any  doubtful  reading  may  be  checked.  Self-reading  rods, 
usually  graduated  to  centimeters  and  estimated  to  millimeters,  are 
employed  on  the  Lakes  and  Mississippi  River  surveys,  and  in  most  of  the 
European  work.  On  the  Coast  and  Geodetic  Survey,  target  rods  are 
used,  and  the  method  of  work  there  pursued  is  much  more  elaborate 
than  the  foregoing. 

The  methods  of  levelling  arc  sometimes  described  as  singU  or  double 
levelling,  according  as  single  or  double  back  and  fore  sight  are  taken. 
The  latter  has  been  the  practice  of  the  Coast  Survey,  and  is  a  self- 
checking  system — in  so  far  at  least  as  the  readings  are  concerned — 
really  amounting  to  two  lines  of  levels  in  the  same  direction.  The 
single  system  is,  however,  the  more  generally  adopted.  There  is  a 
decided  economy  in  time  and  in  accuracy  of  result  in  the  use  of  two 
rods  alternating  with  one  another  on  turning  points. 

In  reviewing  the  construction  of  levelling  instruments,  the  principal 
points  to  be  held  in  mind  as  conducive  to  the  best  results  in  the  various 
departments  of  work  would  seem  to  be.  First, — stability  of  construc- 
tion ;  second,  properly  constructed  levels  of  sufficient  delicacy ;  third, 
adequate  optical  power  for  the  purpose  in  view.  The  first  condi- 
tion should  be  secured  by  a  proper  distribution  of  the  metal,  for  the 
attainment  of  the  necessary  strength  from  a  minimum  of  material. 
The  second  and  third  are  to  a  certain  extent  interdependent.  For 
railroad  and  canal  work  from  10"  to  20"  per  division  of  0.1"  would 
seem  to  be  limiting  values  for  the  scale  values  of  levels.  Levels  having 
a  scale  value  of  12"  are  entirely  satisfactory  on  ordinary  work,  while 
those  beyond  20"  the  writer  has  considered  as  lacking  in  sensitiveness. 
It  has  always  seemed  to  him  better  to  have  an  over-sensitive  than  an 
under-sensitive  level,  admitting  the  difficulty  of  keeping  the  former 
central. 

Increased  optical  power  is  of  course  secured  at  the  sacrifice  of  light 
and  definition.  The  powers  demanded  for  our  instruments  are,  however, 
much  below  the  maximun  limit  for  good  lenses,  under  the  ordinary  con- 
ditions of  iUum  ination.  Eeferring  to  the  list  of  instruments  already  given, 
the  practice  of  the  makers  of  dumpy  levels  seems  to  be  to  keep  in  the 
neighbourhood  of  25  for  the  higher  powers  for  14  in.  instruments. 
The  object  lenses  of  all  these  instruments  would  stand  higher 
powers.  With  a  good  object  glass  of  1.5  in.  aperture  there  should  be  no 
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difficoltj  in  using  a  power  of  40  under  the  ordinary  conditions  of  seeing. 
In  the  smaller  apertures  of  the  wye  levels  the  matter  of  loss  of  light 
becomes  serious.  But  the  makers  of  wye  levels  seem  altogether  bom 
to  perversity, — ^having  decided  to  use  an  object  glass  of  small  aperture, 
they  must  of  necessity  add  to  this  a  four  lens  eye-piece,  as  if  it  were 
any  advantage  to  get  an  erect  image.  The  four  lens  inverting  eye- 
piece has  no  advantage  over  the  ordinary  erecting  eye  piece,  and  its  use 
results  in  serious  loss  of  light,  giving  a  comparatively  indistinct  image 
— H>ue  of  the  most  fruitful  sources  of  error  in  levelling. 

The  use  of  the  mirror  on  level  tubes  to  view  the  bubble  is  not  in  such 
favour  with  engineers  as  it  should  be.  The  usual  process  of  reading 
the  rod  while  standing  in  a  different  position  from  that  in  which  the 
instrument  was  levelled  must  necessarily  introduce  errors  of  a  serious 
nature.  When  the  mirror  is  used  it  should  always  be  placed  at  the 
same  inclination,  and  the  observer  should  by  trial,  assisted  by  another 
person,  obtain  that  position  of  the  eye  in  which  the  bubble  may 
be  viewed  without  parallax,  and  from  which  he  will  always  afterwards 
observe  it. 

It  is  usual  to  classify  sources  of  error  somewhat  as  follows : — 
1,  instrumental  errors ;  2,  errors  from  unstable  supports ;  3,  errors  of 
observation ;  4,  personal  errors ;  5,  atmospheric  errors.  The  chief 
source  of  error  from  instrumental  causes  is  no  doubt  due  to  either 
a  permanent  or  temporary  lack  of  parallelism  between  the  line  of  sight 
and  the  bubble-axis.  No  adjustment  can  be  perfect,  and  even  if 
perfect  under  stated  conditions  is  liable  to  change  under  other  condi- 
tions. The  causes  which  might  produce  a  change  in  adjustment  due  to 
the  influence  of  varying  temperature  on  the  glass  of  the  level  has  been 
discussed  in  the  first  part  of  this  paper.  A  temporary  change  may 
result  from  the  unequal  heating  of  the  metal  of  the  instrument,  whidi 
would  probably  take  place  in  bright  weather  when  levelling,  in  a  direction 
towards  or  away  from  the  sun.  The  direct  action  of  the  sun  should  be 
avoided  by  the  use  of  a  shade — ^a  heavy  canvas  umbrella  is  used  on 
geodetic  work.  In  order  to  obviate  the  effect  of  any  possible  change  in 
the  scale  value  of  the  level,  readings  should  never  be  taken  when  the 
bubble  is  at  any  considerable  distance  from  central.  If  the  bubble  is 
sluggish  there  is  a  possible  source  of  error  in  its  being  read  before 
final  settlement.  This  latter  difficulty  can  be  overcome,  with  a  cham- 
bered level,  by  avoiding  the  use  of  short  bubbles.  Errors  arising  from 
defects  of  adjustment  are  of  course  completely  eliminated  by  equality 
of  sights,  except  in  such  a  case  as  that  mentioned  above,  where,  on 
.account  of  the  direct  heating  action  of  the  sun,  a  change  may  take 
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place  between  sights.  Such  changes  are  much  more  likely  to  affect 
the  results  of  ordinary  levelling  where  there  is  an  interval  of  time 
between  centering  the  babble  and  reading  the  rod.  Errors  of  this 
nature  are,  though  small  for  any  given  sight,  of  serious  consequence 
through  always  being  in  the  same  direction,  or  cumulative  in 
character.  If  there  be,  of  necessity,  a  difference  in  the  lengths  of  sights, 
the  possible  error  so  introduced  should  be  neutralized  by  making,  on 
the  first  opportunity,  a  similar  difference  in  the  opposite  direction.  In 
the  Indian  Survey  sights  are  made  equal  by  chaining.  Where,  as  for 
example  in  crossing  a  wide  river,  a  long  foresight  is  unavoidable,  the 
method  of  reciprocal  levelling,  explained  in  connection  with  the  peg 
adjustment,  should  be  employed.  This  also  eliminates  the  error  due 
to  curvature  of  the  earth.  Where  there  are  two  vertical  wires  and 
the  rod  is  read  anywhere  between  them,  there  may  be  a  slight  error 
introduced  through  the  lack  of  horizontality  of  the  wire.  This  should 
be  provided  for  in  making  the  adjustment  by  swinging  the  telescope, 
when  correctly  levelled,  around  its  vertical  axis,  and  rocking  the  reticule 
ring  until  the  wire  is  observed  to  continuously  bisect  a  fixed  point. 
Where  no  rod  level  is  used,  as  is  usually  the  case  in  ordinary  levelling, 
it  is,  however,  more  important  that  the  vertical  wire  should  be  truly 
vertical ;  and  where  both  cannot,  in  this  case,  be  secured,  the  rod  should 
always  be  read  in  the  same  position  on  the  horizontal  wire.  Wye  levels 
should  always  have  a  means  of  preventing  the  telescope  from  rotating 
in  thejiryes, 

l!rrors  due  to  the  rod  will  also  fall  under  this  class,  and  we  should 
first  look  to  the  accuracy  of  its  length  and  uniformity  of  its  gradua- 
tion. Mr.  I.  W.  Wright  in  his  work  on  the  adjustment  of  observations 
remarks  that : — 

'^An  important  source  of  error  in  spirit  levelling,  and  one  very 
<<  commonly  overlooked,  is  the  change  in  length  of  the  levelling  rod 
''from  variations  of  temperature.  From  experiments  made  by  the 
'<  Prussian  Land  Survey,  in  which  the  rods  were  compared  daily  with 
<'  a  steel  standard,  the  following  fluctuations  in  length  were  found  for 
<'  four  rods  made  of  seasoned  fir  : — 

Bod  13,  from  May  19  to  Aug.  18  0.51  mm.  per  metre. 

14  "        "    20          "  16  0.46  "      "        ** 

9  "        "    24      Sept.  6  0.37  "      '*        " 

10  "        ''    24         ''  6  0.43  "       "        *' 

<<  It  is  quite  possible  that  errors  from  this  source  may  largely  exceed 
<<  the  errors  arising  from  the  levelling  itself.    Each  field  party  should. 
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^^  therefore  be  provided  with  the  means  of  making  a  daily  compariflon 
^'  of  ihe  rods  used,  with  a  standard  of  length.  A  steel  metre  and  a 
"  micrometer  microscope  mounted  on  a  stand  would  be  all  that  would 

''  be  necessary/' 

The  maximum  expansion  above  quoted  would  amount  to  .007 
of  a  foot  in  the  length  of  a  14  foot  rod.  It  will  be  noted  that  the 
variation  of  temperature  is  not  given.  Experiments  conducted  by  Prof. 
Van  de  Sande-Bakhuyzen  on  the  staves  used  in  the  Netherlands,  give 
results  of  much  less  magnitude  then  the  above.  He  found  the  rate  of 
expansion  for  seasoned  fir  rods  to  be  4.4  micra  per  metre,  per  d^;ree 
centigrade,  and  that  other  changes  amounted  in  all  to  not  more  than 
.05  mm.  per  metre. 

For  ordinary  work  the  self-reading  telescope  rod  is  almost  univer- 
sally adopted,  on  account  of  its  portability  and  convenience  in  use. 
The  rods  of  this  form,  though  sold  as  ^^  standard  ''  by  the  makers,  are 
liable  to  be  most  inaccurate.  Of  the  seven  14  ft.  self-reading  rods  in  use 
at  McGill  College,  four  are  within  .002  of  a  foot  of  being  correct, 
one  is  .006  too  short,  and  two  are  .014  too  long,  at  62^  Fab.  There 
are  then  two  of  these  rods,  and  surprising  as  it  may  seem,  both  from 
the  same  makers — a  London  firm  of  high  repute — which  differ  between 
themselves  to  the  extent  of  .020  of  a  foot.  Two  12  ft.  target  rods 
by  diflFerent  American  makers  are  within  .002  of  the  correct  length. 
Amongst  a  lot  of  five  telescope  rods,  recently  measured  in  the  ware- 
house of  a  dealer,  one  was  found  to  be  .020  too  long  at  14  feet  and 
.015  too  long  at  17  feet.  In  most  of  the  above  cases  the  total  error 
was  rou<i:hly  distributed  throughout  the  length  of  the  rod.  In  that 
last  mentioned,  and  in  one  of  the  College  rods,  the  graduation  was 
somewhat  irregular. 

Where  rods  are  properly  constructed  they  should  not  be  influenced 
to  any  great  extent  by  moisture.  The  utmost  precaution  should,  how- 
ever, be  exercised  to  keep  them  dry.  In  the  Swiss  levelling  the  errors 
due  to  temperature  and  moisture  are  stated  as  being  '^  small,  slow  in 
action,  and  somewhat  irregular."  The  reports  published  from  time  to 
time  of  extreme  changes  from  moisture  are  no  doubt  due  to  improper 
protection.  Where  rods  are  used  under  proper  direction  they  are  of 
course  subject  to  careful  comparison  with  the  national  standard,  and 
any  errors  in  their  lengths  allowed  for. 

Errors  arising  from  unstable  supports  may  occur  through  the  instru- 
ment or  the  rod,  and  are  usually  of  a  cumulative  character.  The  instru- 
ment may  settle  slightly  between  the  reading  of  the  back  and  fore  sights, 
or  the  converse  may  occur,  depending  upon  the  character  of  the  gro  und . 
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Similarly,  the  turning  points  may  settle  or  spring  up  between  sights. 
In  soft  ground,  settlement  is  likely  to  oocur;    while  in  stiff  clay 
both  instrument  and  rod — if  the  latter  is  supported  on  a  peg  driven 
in  the  ground — may  spring  back  slightly.     Pegs  are  preferred  as  turn- 
ing points  for  soft  ground,  and  plates  having  a  projecting  knob  or 
spherical  hole  for  the  rod,  as  already  explained,  for  hard  soil  or  roads. 
The  rod  should  never  be  removed  from  the  point  until  all  the  read- 
ings have  been  made,  and  the  weight  of  the  rodman  should  never  be 
allowed  to  rest  upon  it.     When  both  instrument  and  rod  move  in  the 
same  direction  the  effects  are  additive,  and  the  character  of  the  soil 
continuing  the  same  over  a  considerable  stretch  of  conntry,  a  large 
error  may  be  accumulated.     To  obviate  such  a  result.  Colonel  Walker 
adopted,  in  India,  the  plan  of  alternating  the  order  of  observations  at 
successive  stations  of  the  instrument,  by  reading  the  back  staff  first  on 
one  station  and  the  forward  staff  first  on  the  next.     The  error  may  in 
part  at  least  be  eliminated  by  levelling  between  bench-marks  in  oppo- 
site directioos.  Duplicate  levels  in  opposite  directions  between  benches 
or  along  the  whole  length  of  line  should  completely  eliminate  it.  This 
is  indeed  the  sovereign  cure  for  all  errors  of  a  cumulative  character. 
.  Mr.  Hirsch,  one  of  the  Directors  of  the  Swiss  precision  levelling, 
has  shown  that  the  error  due  to  settlement,  other  things  being  equal, 
is  proportional  to  the  length  of  line  run.     In  ordinary  levelling  opera- 
tion, the  character  of  the  ground  affects  the  work  in  a  different  way, 
the  feet  of  the  observer  compress  the  ground  near  the  tripod  legs,  and 
displace  the  line  of  sight  in  the  interval  of  time  between  levelling  and 
reading  the  rod.  To  obviate  this,  Colonel  Goulier  has  recommended  that 
two  of  the  legs  be  always  placed  parallel  to  the  line  of  sight.     The  use 
of  the  mirror,  already  npticed,  would  also  remove  this  source  of  error. 
The  largest  source  of  observationcd  errors  is  believed  to  be  due  to 
the  want  of  careful  centering  or  reading  the  bubble.     Every  leveller 
should  know  what  rod  reading  is  covered  by  a  range  of  one  division  of 
his  bubble  at  a  given  distance  of,  say  100  feet,  in  order  that  he  may 
fully  appreciate  the  effect  of  errors  of  this  kind. 

When  the  illumination  of  the  two  ends  of  the  bubble  is  different,  an 
error  in  centering  is  almost  sure  to  follow,  there  being  a  tendency  to 
bring  the  bubble  too  much  towards  the  light.  Error  is  also  introduced 
through  parallax,  the  bubble  being  viewed  obliquely  to  its  length.  It 
lias  recently  been  ui^ed  by  a  (German  observer — Dr.  Reinhertz* — ^that 
t^e  bubbles  should  be  viewed  in  profile.  Clearness  of  the  glass  and 
distinctness  of  the  graduations  have  much  to  do  with  the  accuracy  of 

*  Zeitsebrift  fUr  InBtrumentenkunde,  Oct.,  1890. 
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babble  readings.  Errors  of  rod  reading  are  more  common  with  a  tar- 
get than  with  a  speaking  rod.  The  best  check  on  the  former  is  for 
both  rodman  and  leveller  to  make  independent  readings.  Where  three 
wires  are  used,  errors  with  self-reading  rods  are  of  very  rare  occur- 
rence. The  mean  of  the  three  readings  is  also  without  doubt  more 
accurate  than  a  single  reading  on  a  target  rod.  It  does  not  by  anj 
means  follow  that  because  a  target  rod  reads  to  .001  of  a  foot,  that 
the  reading  is  accurate  within  that  limit.  A  dififei-ence  in  the  illum- 
ination of  the  rod  will  also  affect  the  relative  accuracy  of  the  readings, 
and  a  line  running  east  and  west  will  probably  show  different  results, 
according  as  it  is  levelled  in  the  forenoon  or  afternoon. 

Under  pergonal  errors  we  have  merely  to  note  that  each  observer 
has  his  own  peculiarities,  which  will  largely  affect  the  resulting  differ- 
ence of  level  over  a  great  length  of  line.  This  is  in  fact  the  personal 
equation  of  the  observer.  To  quote  from  the  report  of  the  Chief 
Engineer,  U.  S.  A.,  for  1884  :  *^  These  discrepancies  vary  with  diffe^ 
^'  ent  observers,  and  are  not  even  constant  for  the  same  observer,  an* 
'^  nearly  proportional  to  the  distance,  and  seem  to  be  independent  uf 
"  the  nature  of  the  ground,  the  direction  in  which  the  work  is  domv 
''the  season  or  the  manner  of  supporting  the  rod."  The  results  of 
some  recent  levels  on  the  Mississippi  survey  go  to  show  that  this  personal 
equation  may  be  somewhat  evanescent,  particularly  with  young  obser- 
vers, and  that  every  line  of  levels  should  be  duplicated  in  opposite 
directions  by  the  same  observer  within  the  shortest  possible  limits  of 
time,  in  order  to  reduce  the  probability  of  change  in  the  personal  equa- 
tion. With  skilled  observers  of  long  practice,  this  habit  is  probably  a 
constant  from  year  to  year. 

For  the  effects  of  atmosphere  errors  we  cannot  do  better  than  quote 
from  Professor  J.  B.  Johnson,  who  was  for  some  time  engaged  on  work 
in  connection  with  the. Lake  survey.  (Van  Nostrand's  Magazine  for 
October,  1883.) 

''Errors  from  this  source  may  be  classified  as  coming  from: 
**  1,  Wind  J  2,  Tremulousness ;  3,  Variable  Refraction. 

*'  1.  Wind  generally  shakes  the  instrument,  and  makes  the  holding 
"  of  the  rod  difficult  or  impossible.  For  two  seasons  I  have  used  a 
"  teuton  windy  days  to  protect  the  instrument,  and  with  great  success. 
"  Qood  work  can  be  done  in  this  way  so  long  as  the  rod  can  be  held. 
''  We  also  have  large  square  canvas  umbrellas  that  can  be  set  on  the 
"  ground  to  the  windward  of  the  instrument,  and  these  effectually 
<'  shield  them  in  ordinary  windy  weather. 

"  The  tents  used  were  wall-tents,  5x6  feet,  and  one  8-foot  centro 
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pole.  A  square  iron  frame,  3  x  ^  feet,  sewed  into  the  canvas  near 
"  the  top,  formed  the  lateral  support  there.  It  was  held  down  by  six  or 
'^  eight  steel  pins,  18  inches  long  and  \  inch  diameter,  with  flat  heads. 
''  These  passed  through  iron  rings  sewed  into  the  bottom.  There  were 
^^  openings  for  the  line  of  sight  and  a  flap  for  the  observer  to  enter  and 
'^  pass  out  with  the  instrument.  These  tents  were  made  to  be  used  on 
'^  Gkdf  coast  at  a  very  windy  season,  when  one  half  the  time  would  have 
''  been  lost  from  high  winds  without  them.  The  rodmen  supported 
*'  their  rods  by  sticks  held  in  the  hand  and  braced  against  the  rod 
'^  at  an  angle,  resting  on  the  ground.  Care  had  to  be  exercised  that 
*^  the  rods  were  not  thereby  lifted  from  their  sockets  in  the  foot  plates. 

'^  2.  Tremulousness  is  caused  by  a  diflference  of  temperature  between 
''  air  and  ground,  and  always  occurs  in  clear  weather  after  the  sun  is 
*'  a  few  hours  high.  This  causes  the  target,  or  figures  on  a  speaking 
'*  rod,  to  appear  to  move  up  and  down,  giving  rise  to  what  is  known 
'*  as  ^  dancing '  or  '  boiling.'  This  simply  causes  an  uncertainty  in 
'-  the  reading,  depending  directly  on  the  degree  of  unsteadiness.  It 
'*  is  a  compensating  error,  and  the  observer  must  be  his  own  judge  as 
'^  to  when  he  must  stop  work  in  order  to  obtain  the  required  degree  of 
"  precision.  The  only  remedy  is  to  shorten  the  length  of  sight  \  but  as 
'*  there  are  some  errors  that  multiply  directly  with  the  number  of  sights 
^*  taken  in  a  given  distance,  there  is  also  a  limit  to  which  this  remedy 
''  may  be  profitably  carried.  I  do  not  think  it  advisable  to  use  sights 
''  less  than  100  feet  if  the  highest  accuracy  is  sought,  and  perhaps 
*'  never  more  than  400  feet,  even  when  the  atmosphere  is  perfectly 
*'  clear  and  steady.  In  clear  weather  not  more  than  3  or  4  hours  a 
**  day  can  be  utilized  for  the  best  work. 

"  3.  Variable  refraction  occurs  when  the  sunshine  suddenly  comes 
'^  up  or  leaves  the  line ;  this  happens  along  the  edge  of  timber  or  under 
''  the  brow  of  a  hill,  as  when  the  line  rapidly  emerges  from  or  comes 
*^  into  the  shade  from  the  sun's  movement,  or  on  partially  cloudy  days, 
'^  when  the  sun  is  alternately  covered  and  clear.  When  from  the  first 
'*  source,  it  occurs  about  8  a.m.  and  4  p.m.  It  is  a  peculiar  phenome- 
'*  non,  and  is  more  common  in  winter  than  in  summer.  The  atmosphere 
^'  is  apparently  steady  and  the  sight  well  taken ;  but  upon  checking  it, 
'^  the  reading  has  changed,  and  may  be  observed  to  change  gradually  or 
*^  suddenly,  and  sometimes  to  recover  a  part  or  all  of  its  original  move- 
''ment,  when  the  instruments  were  known  to  be  stable.  I  have  seen 
'^^  these  changes  of  reading  amount  to  5  millimeters,  or  ith  of  an  inch 
*^  in  a  distance  of  100  meters,  or  328  feet.  If  the  atmosphere  is  found 
^'  to  be  in  this  condition,  the  work  should  be  stopped  for  a  while,  as 
^  this  state  of  affiftirs  is  not  likely  to  contbue  long." 
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Errors  due  to  carelessness — and  their  name  is  legion — ^need  not  be 
disonssed.  We  can  make  no  provision  for  the  acts  of  the  rodman,  wKo, 
being  sent  lo  hnnt  up  a  turning  point,  triumphantly  brings  it  to  you 
in  his  hand ;  nor  yet  for  the  leveUer,  who  fails  persistently  to  distm- 
guish  between  a  6  and  a  9. 

Looking  at  the  unavoidable  errors  of  levelling  in  a  more  compre- 
hensive manner,  we  may  r^ard  them  as  composed  of  three  classes,— 
compensating  errors,  cumulative  errors,  and  accidental  errors.  The 
first  classes  should  be  so  manipulated  as  to  eliminate  themselves  dur- 
ing the  progress  of  the  work.  The  second  should  be  removed  by  the 
same  observer  repeating  the  work  under  as  nearly  as  possible  the  same 
conditions,  and  in  an  opposite  direction.  Levels  checked  only  in  the 
same  direction  give  fallacious  results.  The  third  are  the  legitimate 
errors  inseparable  from  all  observations,  and  are  proportional  to  the 
square  root  of  the  distance.  The  errors  of  a  properly  conducted  sys- 
tem of  levels  are  usually  considered  to  be  of  this  character,  and  their 
precision  tested  accordingly. 

The  limit  of  probable  error  allowed  in  the     Ft. 

U.  S.  Coast  and  Ckodetic  Survey  is 0.029  y  b\^.  inlnSST 

Lake  Survey 041  V  Dist.  in  miles. 

Mississippi  Biver  Commission ••••• 021  \'  Dist.  in  m\h^. 

between  duplicate  lines.* 

The  following  interesting  table  of  the  results  of  levelling  in  Oreat 
Britain.  India  and  Switzerland  has  been  compiled  by  Mr.  Wilfrid 
Airy,  M.  Inst.  C.E. 

Average  diflferences  in  a  single  mile  of  the  results  obtained  by  tw» 
observers,  on  ground  of  diflferent  degrees  of  inclination. 


Chabaoter  of  Grottkd. 

Switzer- 
land. 

India. 

Great 
Britaiii. 

Nearly  level,    very  favourable  circum- 

Foot. 

Foot. 

Foot. 

stances  of  weather. 

.0230 

.0142 

.0125 

Slightly  undulating,  gradients  not  exceed- 

ing 1  in  100. 

.0238 

.0168 

.0148 

Qradients  between  1  in  100  and  1  in  20. 

.7039 

.0208 

•0183 

Gradients  between  1  in  20  and  1  in  10. 

.0566 

.0350 

.0308 

Gradients  steeper  than  1  in  20- 

.0416 

Note. — ^The  quantities   in  bold  face  type  are   estimated  from  analogy 
afforded  by  Swiss  levelling,  as  no  direct  data  could  be  fUrnished. 

*For  two  meMoremeuts  the  formula  for  probable  error  (  ±  .S74\/  ^  v^^)   |  reduces 

\  ^  m  (m— )/ 

to  :t  V    ^^o'®  ^'  ^B  the  dlSdrencd  in  tlie  measarements. 
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Iq  illostration  of  the  high  degree  of  aoooraoy  attaiaed  over  long 
lines,  the  following  is  taken  from  ihe  report  of  the  levelling  operations 
in  India  for  1866,  by  Colonel  Walker  :— 


Section. 

Length  in 
Miles, 

Maximum 

DiTEBGENOE 
OF  TWO 

Obssbters. 

Terminal 

DiTEROENOE. 

Calcutta  to  Tilliagarhi. 
TiUiagarhi  to  Patka  Gerouli. 
Agra  to  Patka  Gerouli. 

242 
346 
342 

Foot. 
0.20 

0.40 

0.16 

Foot. 
0.16 

0.38 

0.06 

Some  excellent  results  over  duplicated  lines  have  in  recent  years 
been  obtained  with  the  wye  levels  used  in  the  engineering  branch, 
U.  S.  Army.  The  methods  adopted  were  practically  thoso  of  precision 
levelling.     As  an  example  of  these  the  following  extract  is  given  : — 


Section. 

Length  in 
Miles. 

Max.  Diver- 
gence OF  two 
observers  in 
Feet. 

Terminal 

DlYEROXNOB 

IN  Feet. 

Sioux  City  to  Fort  Randal 
Fort  Randall  to  Pierre,  Dak. 

179 
190 

.082 
.166 

.060 
.164 

The  best  levelling  has,  however,  undoubtedly  been  done  in  Switzer- 
land.    The  field  rules  there  adopted  are  as  follows : — 

1.  The  levelling  to  be  executed  by  equal  rights  whenever  possible ;  the  differ- 

ence between  the  length  of  back  and  fore  sights  never  to  exceed  ten 
metres. 

2.  The  length  of  sight  is  as  a  rule  to  be  limited  as  under  :•» 

(a)  Upon  railroads  with  gradients  1  in  100,  to  100  metres. 
(^)      '*  **       *'    steep  gradients,  60  to  100  metres. 

(0      ^'      highroads  in  the  plainSi  30  to  60  metres. 
(d)      <'      mountain  roads,  10  to  26  metres. 

3.  The  spirit  level  to  be  always  shaded  from  the  sun. 

4.  The  three  instrumental  errors,  viz  :  GoUimation  of  optical  axis,  inequality 

of  pivots,  and  bubble  error,  to  be  determined  at  least  once  each  day. 
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5.  The  field  work  to  be  carried  on  continuously  except  on  wet  or  windy  days- 

Three  kilometres  at  least  should  be  the  length  of  line  levelled  per  day 
along  railways  and  two  along  highways. 

6.  Bench  marks  to  be  made  at  every  kilometre^  and  to  be  clearly  described 

in  the  field  book. 
In  preparing  this  paper  the  author  has  endeavoured  to  touch  upon 
all  classes  of  engineering  levelling ;  naturally,  however,  the  subject  being 
one  which  bears  more  particularly  on  geodesic  work,  he  has  given  greater 
attention  to  that  department.    In  deprecation  of  a  possible  criticism  to 
the  effect  that  the  major  portion  of  the  methods  herein  detailed  are  of 
no  consequence  to  '^  practical "  engineers,  he   would  beg  to  remiad 
any  so  disposed  that  possibly  their  particular  line   of  work  has  not 
embraced  the  whole  sphere  of  labours  of  the  profession.     He  would 
also  wish  to  express  the  hope  that  the  members  of  the  Canadian  So- 
ciety of  Civil  Engineers  may,  at  some  day  not  far  distant,  be  called  to 
do  geodesic  levelling  within  the  boundaries  of  their  own  country. 


DISCUSSION. 

Mr.  Hannaford  asked  if  Professor  McLeod,  in  writing  the  paper,  Mr.  Karxaford 
intended  to  refer  more  particularly  to  astronomical  observations  or 
to  everyday  levelling  in  the  field  ? 

Professor  McLeod,  in  reply,  stated  that  the  paper  referred  to  both  Prof .  McLeod. 
astronomical  and  engineering  levels — that  where  his  remarks  applied 
more  particularly  to  one  or  the  other  class  of  levels,  it  is  so  stated  in 
the  body  of  the  paper. 

Mr.  Dodwell  said  that  the  discussion  of  a  paper  should  of  course  Mr.  Dodweu. 
consist  of  criticism  and  additional  information  on  the  same  subject. 
In  general,  intelligent  and  profitable  criticism  should  be  either  con- 
firmation or  refutation  of  the  author's  views  from  personal  observa- 
tion and  experience.  In  the  present  case  he  was  not  in  a  position  to 
add  any  information  or  particulars  of  a  scientific  character  to  the 
interesting  paper  they  had  just  heard.  The  importance  of  accuracy 
in  levels  used  in  connection  with  astronomical  telescopes  is  too  obvious 
to  need  re-stating,  but  it  had  never  occurred  to  him  that  the  requisite 
d^ee  of  accuracy  in  their  manufacture  was  so  difficult — almost  im- 
possible— of  attainment.  For  all  purposes  for  which  engineers  use 
levels,  such  extreme  accuracy  was,  happily  for  them,  quite  unnecessary. 
A  scale  value  of  5.15  seconds  represents,  at  a  distance  of  400  feet,  a 
vertical  height,  or  difference  of  reading  on  a  levelling  rod,  of  only  .01 
foot,  from  which  it  will  readily  be  seen  that,  within  ordinary  limits 
the  scale  value  of  an  engineer's  level  is  an  unimportant  factor,  and 
that  the  requisite  degrees  of  accuracy  in  levels  for  engineering  and 
for  astronomical  purposes  respectively  are  not  to  be  compared.  He 
observes  that  among  the  liquids  mentionei  in  the  paper  for  filling 
level  tubes,  bisulphide  of  carbon  does  not  occur.  He  would  like  to 
oak  the  author  whether  this  very  mobile  substance  is  not  sometimes 
used  for  this  purpose  ?  Perhaps  also,  when  he  doses  the  discussion, 
the  author  will  give  in  brief  detail  an  account  of  his  method  for  deter- 
mining the  scale  value  of  levels  of  precision.  In  the  second  part  of 
his  paper  on  the  '' Errors  of  Levelling,"  the  author  will  no  doubt 
£:ive  some  material  that  will  appeal  more  directly  to  engineers. 
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Mr.  St.  George.  Mr.  St.  George  said  with  regard  to  the  errors  of  levelling  in  differ- 
ent temperatures,  engineers  and  railroad  men  notice  continually  th&t 
when  they  adjust  an  instrument  at  a  certain  time  in  the  day,  espe- 
cially in  the  winter  time,  if  they  happen  to  adjust  that  instrument 
near  noon  when  the  sun  is  high,  and  go  out  later  in  the  afternoon, 
it  would  appear  as  if  there  was  something  wrong  with  the  level  aroosd 
the  centre.  In  levelling,  an  equalized  sight  should  always  be  taken  on 
the  bubble. 

Mr.  Irwin.  Mr.  Irwin  said  he  had  never  noticed  a  spirit  level  failing  to  rever.^e 

at  any  time  during  the  same  day  on  which  it  had  been  adjusted.  He 
had  a  very  good  duiupy  level  which  only  required  to  be  adjusted  once 
in  three  or  four  years,  and  after  it  had  been  adjusted  at  an  averaire 
temperature  in  summer,  he  found  that  in  using  it  in  very  cold  weather 
(once  for  instance  when  it  was  about  zero,  at  which  temperature  the 
bubble  occupied  almost  the  entire  length  of  the  visible  part  of  the 
tube)  the  bubble  would  not  reverse  to  wi  thin  two  divisions  on  the 
glass,  that  is  to  say,  its  position  of  reversing  would  be  two  divisions 
further  from  the  zero  at  one  end  of  the  tube  than  at  the  other,  which 
amounts  to  an  error  really  of  only  one  division.  On  these  occasions 
he  used  two  spring  clips  sliding  on  the  tube  of  the  levels  and  moved 
them  up  to  the  points  at  which  the  bubble  would  reverse.  He  would 
like  to  ask  Professor  McLeod  if  in  his  opinion  the  level  should  not 
then  work  correcily.  He  had  occasion  to  level  once  for  three  days,  when 
the  thermometer  was  about  zero,  and  on  checking  back  found  his  levels 
to  close  exactly;  and  during  checking  back  he  checked  on  a  benchmark 
left  on  the  end  of  the  second  day,  and  was  only  -^o'^b  wrong  in  his 
check  on  that.  This,  he  thought,  showed  that  the  method  which  he 
adopted  for  marking  the  position  of  the  bubble  was  correct,  and  that 
any  error  due  to  the  change  in  the  position  of  the  zero  point  of  ^e 
graduations  would  be  avoided. 


CORRESPONDENCE. 

Mr.  G.  N.  SaegmuUer  (of  Messre.  Fauth  &  Co.,  Washington)  said  ^ir.  saefmui- 

as  Messrs.  Fauth  &  Co.  grind  levels  at  long  intervals  and  generally  a 

number  at  a  time,  they  have  always  ''  well  seasoned  "  ones  on  hand. 

He  does  not  think  that  they  ever  sent  out  a  level  which  had  not  been 

finished  at  least  one  or  two  years.     They  have  probably  a  hundred  fine 

levels  on  hand  which  were  ground  over  two  years  ago.     Each  level 

has  its  record ;  they  are  tested  after  they  are  ground  (the  writer  does 

not  know  how  often  during  the  operation),  and  the  value  is  recorded 

on  the  level.      When  they  use  them  they  re-determine  this  value* 

They  have  never  found  a  single  instance  where  a  decisive  change  in 

the  curvature  could  be  noticed.     Nor  is  there  any  reason  why  they 

should  change,  and  no  rational  explanation  can  be  given.     If  the  level 

were  only  ground  on  one  side,  then  they  could  anticipate  a  change,  and 

the  level  would  have  to  become  of  lesser  curvature  or  larger  value. 

He  does  not  think  that  Professor   McLeod's  figures  bear  out  his 

deductions.     In  the  first  place  the  temperatures  difier  so  widely  among 

the  difiPerent  determinations,  and   in  the    second  place  the  difference 

in  the  length  of  the  bubble  will  explain  more  than  the  differences  in 

the  difiPerent  resulting  scale  values.     A  short  bubble  will  creep,  and  it 

requires  a  long  time  before  it  is  really  settled,  while  a  long  bubble  will 

always  move  briskly  and  settle  down  quickly. 

Some  astronomers  have  claimed  to  have  found  evidence  of  changes 
in  levels.     Several  were  returned  to  the  writer  as  having  changed  their 
values,  but  in  every  case  this  was  the  result  of  bad  mounting.     The 
writer  believes  that  a  violent  blow  or  a  fall  may  change  the  curve,  but 
he  has  never  met  with  such  a  case.    He  tried  several  levels  having  a 
value  of  about  b"  for  1  div.  of  2  mm.     These  he  laid  on  blocks  resting 
on  the  ends,  and  pressed  ihem  down  at  the  middle,  trying  to  bend  them. 
He  left  them  in  this  strained  position  for  two  weeks.    At  the  end  of 
this  time  he  examined  them  again,  and  found  that  they  had  their  old 
values.     He  pressed  them  » as  hard  as  he  dared  to  go;  one  of  them 
broke.     Now,  when  a  level  rests,  as  it  ought  to,  at  the  two  ends,  with 
scarcely  any  pressure  on  it,  and  when  it  is  considered  that  a  tube  of 
brittle  glass  has  great  strength,  the  writer  cannot  see  why  it  should 
change.     He  should  like  to  have  ^m  Professor  MoLeod  an  explana- 
tion of  what  would  cause  such  a  change. 
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Prof.  Rogero.  Pfofessor  W.  A.  Rogers  said  that  the  only  point,  in  additioB 
to  those  which  the  author  considers,  which  occurs  to  him  is,  that 
Messrs.  Fauth  &  Co.,  who  have  a  machine  for  grinding  levels  to  any 
desired  curvature,  state  that  the  machine  will  not  give  the  finishing 
touches,  which  must  he  put  on  by  a  delicate  hand  movement.  It  is 
his  experience  that  the  general* excellence  of  levels  made  in  this  way 
is  greatly  improved.  The  general  curvature  is  more  likely  to  be 
accurate  if  made  by  a  machine  movement,  and  the  general  form  is  not 
much  disturbed  by  the  hand  finishing.  Two  of  these  levels  have  been 
investigated  by  the  Naval  Observatory  with  superb  results. 

Prof.  EMtman.  Professor  Eastman  (of  the  U.  S.  Naval  Observatory,  Washington) 
said  that  there  is  one  difficulty  with  levels  when  the  scale  is  engraved 
on  the  tube  which  is  not  mentioned  in  the  paper.  This  etching  or 
engraving  of  the  lines  is  not  of  uniform  depth,  and  after  several  years 
of  use  this  cutting  of  the  surface  of  the  tube  weakens  it,  and  gives  rise 
to  irregular  curves  and  utterly  ruins  the  level.  He  used  an  excellent 
level  for  more  than  fifteen  years,  but  in  less  than  one  year  it  changed 
from  a  firstn^lass  to  a  worthless  instrument.  An  examination  showed 
tliat  the  upper  engraved  side  was  a  series  of  irregular  curves. 

He  has  lately  examined  two  level  tubes  for  the  use  of  the  Naval 
Observatory,  and  the  results  are  as  follows  : — 

Values  in  seconds  of  arc  of  one  division  on  level  tubes. 

Nos.  5  and  6  were  selected  from  a  lot  of  six  tubes.  These  values 
were  obtained  by  running  the  bubble  by  stages,  of  5  divisions,  from  one 
end  of  the  tube  to  the  other,  and  then  reversing  the  motion. 

No.  5  No.  6 


one  div.  =  0".9B 

one 

div. 

=  0".90 

.91 

.90 

.92 

.91 

.93 

.88 

.94 

.89 

.95 

.88 

.93 

.87 

.93 

.86 

.94 

.89 

.94 

.88 

.94 

.91 

1.00 

.92 

1.01 

.92 
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Mr.  Ghas.  Carpmael  (Director  of  the  Meteorological  Office)  said  Mr.  CarpMaei. 
that  with  nearly  all  of  the  paper  he  heartily  agreed,  but  would  call 
attention  to  one  point,  in  which  it  seems  to  him  that  the  anthor  had  not 
made  matters  clear.  It  is  stated  that  '^  difference  of  sectional  area  of 
the  ends  of  the  tube  also  gives  rise  to  a  shift  in  the  zero,  since  for  a 
given  change  of  temperature  the  air  space  at  one  end  vriU  be  altered  in 
length  to  a  greasier  or  less  extent,  according  as  it  is  towards  the  smaller 
<yr  larger  end  of  the  tube.'*  The  writer  has  underlined  the  part  to 
which  he  refers  as  needing  explanation.  The  matter  would  be  per- 
fectly clear  if  a  diaphragm  were  inserted  in  the  tube,  preventing  the 
flow  of  liquid  from  one  end  of  the  tube  to  the  other,  when  the  tempera- 
ture changed  ;  but  it  is  not  so  clear  at  first  sight  why  there  should  be 
any  shift  when  the  liquid  is  free  to  take  up  a  position  of  equilibrium. 


Suppose  the  upper  (inside)  curve  of  a  central  luugiiuainal  section 
of  the  bulb  be  one  of  uniform  curvature,  1.6.,  let  ABC  in  the 
diagram  be  the  arc  of  a  circle,  and  further  let  the  portions  of  all 
transverse  sections  (normal  to  A  B  C)  which  come  into  contact  with 
the  common  surface  of  liquid  and  vapour  be  of  one  curvature,  then 
the  shape  of  the  common  surface  at  one  end  will  be  the  same  as  at  the 
other.  If  we  take  in  the  two  ends  corresponding  points  W  and  E,  the 
total  curvature  of  the  common  surface  at  these  two  points  will  be  the 
same,  consequently  the  difference  of  pressure  between  vapour  and 
liquid  will  be  the  same  and  the  line  W  E  will  be  horizontal.  Also, 
since  the  form  of  the  surfaces  is  the  same  at  both  ends,  W  E  will  be 
equidistant  from  the  glass  surface.  Also,  if  the  perpendicular  from  B 
bisects  W  E,  the  tangent  at  B  will  be  parallel  to  W  B,  and  therefore 
horizontal.  To  state  this  result  otherwise,  if  B  be  the  point  at  which 
the  tangent  is  horizontal  and  W  E  be  corresponding  points  in  the  two 
ends,  the  perpendicular  from  B  will  bisect  W  E.  No  change  of  tem- 
perature will  in  this  case  shift  the  zero.  If,  however,  the  curvature  of 
the  transverse  section,  where  it  cuts  the  common  surface,  be  not  the 
same  at  both  ends  of  the  bubble,  the  shape  of  this  common  surface  will 
not  be  the  same  at  both  ends.  The  tangent  at  B  need  not,  therefore,  k^ 
horizontal,  nor  will  it  in  general  be  inclined  at  the  same  angle  to  the 
horizontal  at  all  temperatures,  as  one  end  of  the  bubble  will  expand 
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towards  parts  .of  greater  and  the  other  end  towards  parts  of  l^s 
sectional  curvature.  In  this  case  not  only  will  the  zero  shift  with 
differences  of  temperature  hut  also  (to  a  greater  or  less  d^ree)  the 
scale  co-efficient. 

<:apt.  De  viiie.  Capt  E.  DeyiUe,  Surveyor  General,  said  that  the  results  of  his 
own  experience  are  somewhat  scattered,  and  he  could  not  collect  them 
without  devoting  to  the  subject  more  time  than  he  has  at  his  disposiJ. 
He  has  not  been  actively  engaged  in  observing  for  the  last  eight  or 
nine  years,  and  his  recollections  are  somewhat  indistinct.  He  has  beea 
rather  unfortunate  in  the  matter  of  levels  ;  of  all  those  he  has  used 
(they  ace  many)  only  one  was  good  :  it  was  made  by  Repsold.  He 
has  tried  since  to  obtain  others  from  the  same  firm,  but  they  decline 
to  make  them  except  for  their  own  instruments. 

During  the  last  two  or  three  years  the  writer  has  ordered  and 
received  from  the  best  makers,  American  and  European,  about  one 
dozen  of  levels,  and  although  the  prices  were  very  high,  not  a  single  one 
proved  satisfactory.  Some  were  plugged  at  the  ends  instead  of  being 
.sealed ;  these  it  was  found  would  invariably  leak. 

The  mode  of  setting  which  was  found  most  satisfactory  is  to  let 
the  ends  of  the  tube  rest  in  two  brass  T's,  a  spring  at  each  end 
pressing  a  piece  of  cork  on  top  of  the  tube  just  above  the  Y.  The 
adjustments,  when  made,  are  very  steady,  and  there  is  no  strain  on  the 
tube. 

The  conclusion  the  writer  has  come  to  is  that  a  level  should  never 
be  assumed  to  be  good  because  it  comes  from  a  good  maker ;  and  when 
an  observer  is  fortunate  enough  to  obtain  a  good  one,  he  should  spare 
no  care  or  pains  to  preserve  it  from  accidents. 

Hr.  Woodwani  Mr.  R.  S.  Woodward,  of  U.  S.  Coast  and  Greodetic  Survey,  said  that 
^e  could  think  now  of  only  one  point  which  it  might  be  interest- 
ing to  add  to  the  discussion  of  this  valuable  paper,  and  that  is  that 
many  reputable  makers^of  instruments  of  precision  still  mount  their 
levels  very  badly.  Sometimes  it  will  happen  that  a  reasonably  good 
level  will  be  set  in  plaster  of  Paris.  He  had  occasion  a  few  years  ago 
to  exhume  several  good  level  tubes,  which  were  set  in  this  way  by  the 
distinguished  firm  of  Troughton  &  Simms,  London. 

In  ordering  a  delicate  level  an  engineer  should  specify  that  the  tube 
be  delicately  mounted.  The  use  of  V's  as  supports  for  the  level 
tube  with  delicate  springs  to  hold  it  in  position  seems  the  most 
approved  way. 
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Professor  E.  A.  Fuertes,  of  Cornell  University,  said  that  his  ezpe-  Prof.  Faertea 
rienoe  with  astronomical  levels  shows,  that  in  addition  to  uniformity  of 
eurvatnre  in  a  vertical  plane,  the  internal  surface  of  the  level  should 
be  a  true  torus.  Also,  levels  which  at  a  given  temperature,  with  a 
given  length  of  bubble,  seem  to  be  uniformly  graduated,  will  give 
poor  division  values  for  the  same  length  of  bubble  at  a  different  tem- 
perature. Also  the  manner  of  mounting  the  level  in  its  tube  has  a 
great  influence  on  the  performance  of  the  level.  The  writer  would 
suggest  the  support  of  the  level  at  its  middle  part  upon  a  cork-lined 
ring,  the  extremities  being  held  by  cork  wedges,  for  the  purpose  of 
steadying  the  level  vial  laterally,  and  placing  the  zeros  of  the  gradua- 
tion an  inch  beyond  the  edges  of  the  supporting  central  ring.  He 
purchased  a  new  level  (reading  about  2^'  per  millimeter),  and  when  he 
again  investigated  it,  a  year  or  so  afterwards,  its  scale  had  changed  very 
materially.  Both  trials  were  made  on  the  vial,  free  from  its  mounting, 
and  adjusted  on  the  wyes  of  the  level  trier  for  the  verticality  of  the 
plane  containing  the  axis  of  the  tube. 

Experiments  are  under  way  at  Cornell  University  upon  a  plastic 
substance,  into  which  the  level  vial  may  be  sunk  without  adhering  to 
the  vial,  giving  the  level  a  chance  to  adjust  itself  to  temperatures, 
without  the  changes  of  form  due  to  strains  produced  by  the  corres- 
ponding changes  of  metallic  and  rigid  supports.  A  mixture  of  caramel 
syrup,  glycerine  and  glue  may  produce  a  compound  sufficiently  stiff  to 
afford  a  secure  seat  to  the  level,  and  yet  allow  it  to  expand  or  contract 
without  such  strains  as  may  force  an  undue  change  of  form  in  the 
glass  ;  but  the  difficulty  lies  in  the  proportions  of  the  ingredients,  so 
as  to  give  useful  results  in  extremes  of  heat  and  cold.  This  difficulty 
is  not  considered  insurmountable,  however. 

The  most  refined  astronomical  and  geodetic  observations  are  fre. 
quently  made  to  depend  upon  the  testimony  given  by  the  divisions  of 
a  level ;  and  this  testimony,  the  best  attainable,  cannot  be  depended 
upon  without  special  investigation  of  the  errors  to  which  it  is  liable. 
Any  effort  to  bring  under  less  complex  laws  the  inequalities  of  the 
indication  of  the  level  is  worthy  of  encouragement,  in  view  of  the  indis* 
pensable  use  of  this  instrument  in  many  important  fields  of  research. 

Professors  Chas.  L.  Crandall  and  C.  B.  Wing,  of  Cornell  Univer-  p^^^^  crandAii 
sity,  said  Professor  McLeod's  paper  shows  how  the  zero  point  is    and  wing. 
affected  by  the  length  of  the  bubble  Vhen  the  tube  is  poor.   It  may  not 
be  uninteresting  to  determine  the  effect  of  length  of  bubble  not  due  to 
£L  poor  tube.    With  this  end  in  view,  the  level  tube  of  a  geodetic  level 
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belonging  to  the  University,  was  placed  upon  a  level  tester,  and  read- 
ings taken  for  each  five  seconds  cif  arc  through  which  the  tester  moved. 
The  motion  was  continued  through  one  minute  of  arc  and  back  again, 
and  the  time  which  the  bubble  required  to  move  each  five  seconds 
noted.  The  tube  has  12^  divisions  to  the  inch,  and  each  divisio* 
is  about  3.7  seconds. 

Between  the  limits  of  10  and  36  divisions  for  the  length  of  tl.e 
bubble,  the  time  required  to  move  over  five  seconds  of  arc  is  about 
inversely  as  the  length,  varymg  from  about  twenty  seconds  for 
the  shortest  to  six  seconds  for  the  longest.  When  the  bubble  was 
less  than  twenty  divisions  long  it  would  usually  move  beyond  the 
point  of  rest,  in  which  case  the  time  required  to  return  was  as  great  a^ 
for  the  first  motion  ;  or  for  the  short  bubbles,  the  time  required  for 
rest  should  be  doubled. 

The  value  of  a  division  is  slightly  less  for  the  short  bubble,  but 
the  more  important  fact  is  that  the  divisions  are  much  more  nearly 
equal  for  the  long  bubble.  The  probable  error  for  a  single  reading  in 
the  length  of  a  division  with  the  bubble  ten  divisions  long  being  1.1' 
seconds,  with  the  bubble  twenty  divisions  long  0.6  seconds,  and  with 
the  bubble  thirty  divisions  long  0.5  seconds,  showing  the  quality  of 
the  level  to  improve  with  the  length  of  the  bubble  up  to  the  limit 
taken,  although  the  difference  is  slight  beyond  twenty  divisions. 

Comparing  the  two  level  readings  for  the  same  position  of  the  tester. 
the  bubble  having  come  from  opposite  directions,  the  indications  an 
that  the  bubble  is  carried  beyond  the  true  point  about  one-half  second, 
the  amount  being  slightly  greater  as  the  bubble  is  shorter.  We  sa]f 
indications,  because  the  readings  were  not  so  arranged  as  to  eliminati- 
instability  of  the  tester. 

Another  level  with  about  two  second  divisions  was  tested  in  this 
same  manner.  The  bubble,  when  |  inch  long,  would  only  move  for 
every  third  turn  of  the  screw  representing  fifteen  seconds  of  arc,  while 
when  lengthened  to  two  inches  the  motion  was  uniform  and  the  cnrva- 
ture  apparently  constant. 

In  conclusion,  these  experiments  indicate  that  increasing  the  length  ol 
the  bubble  decreases  sluggishness  and  increases  the  apparent  uniformity 
of  curvature  and  the  accuracy  of  the  final  position  of  rest.  This 
apparent  uniformity  of  curvature  may  decrease  if  the  length  is  carried 
beyond  a  certain  limit ;  or  it  is  probable  that  each  tube  will  have  a 
length  of  bubble  for  which  the  divisions  are  more  nearly  constant  in 
value  than  for  any  other.  This  length  is  probably  the  one  used  by  the 
maker  in  grinding  and  testing. 


CorreapondeTice  on  Errors  of  Levels,  307 

Mr.  Arthur  Hill  said  that  Professor  McLeod's  interesting  paper  has  Mr.  Hiiu 
afforded  him  at  last  an  explanation  of  the  probable  cause  of  the  exas- 
perating behaviour  of  the  bubble  of  a  London  made  Bumpy  level,  which 
he  has  been  using  for  the  last  twelve  years,  and  which  has  never  yet 
properly  maintained  its  adjustment  for  twelve  hours  at  a  time.  Placed 
in  perfect  adjustment  in  the  morning  it  would  perhaps  be  off  at  noon, 
and  back  again  in  the  evening.  Adjusted  at  midday^  it  would  in  all 
probability  strike  work  before  six  o'clock.  It  was  plain  that  those 
freaks  were  due  to  a  change  of  temperature,  but  the  writer  never  could 
make  out  how  the  change  produced  its  annoying  results. 

The  great  advantage  of  having  a  chambered  bubble  tube,  as 
described  by  Professor  McLeod,  will  be  appreciated  by  any  who  have 
experienced  the  difficulty  referred  to. 

Professor  McLeod,  replying  to  the  criticisms  of  Mr.  SaegmuUer,  who  Prof.MoLeod. 
is  of  opinion  that  no  change  of  form  can  take  place  after  the  level  is 
ground,  said  that  there  must  necessarily,  from  the  character  of  the 
manufacturing  process,  be  internal  strain  in  the  glass  of  the  tubes. 
When  the  skin  is  removed  to  unequal  depths  in  the  process  of  grioding, 
and  relief  thus  given  to  the  tensions,  the  whole  tube  will  slowly  take  on 
a  new  figure.  Even  in  blown  glass,  where  there  is  no  interferenca  with 
the  outer  skin,  it  is,  as  has  been  pointed  out,  customary  and  necessary 
to  season  thermometer  tubes  before  calibrating  and  graduating  them. 
It  would,  even  could  no  reason  be  assigned  or  no  analogoi|s  case  given, 
obviously  be  useless  to  maintain,  in  the  face  of  the  evidence  given,  thai 
no  change  can  take  place.  The  cases  cited  by  Professors  Eastman, 
Fuertes  and  others,  furnish  additional  and  conclusive  evidence  in  refuta- 
tion of  the  stand  taken  by  Mr.  Saegmuller.  The  deduction  which  Mr. 
SaegmuUer  takes  the  speaker  to  task  for  making  is,  he  supposes,  the  same 
change  of  form  with  age.  The  effect  due  to  temperature  has  little  or 
DO  weight  in  the  general  result,  and  is  trifling  as  compared  with  the 
change  through  age.  The  constant  though  slight  changes  of  form  in 
the  glass  through  change  of  temperature  is  probably  the  most  efficient 
agency  through  which  the  greater  cliange  takes  place. 

As  to  the  effect  of  the  length  of  the  bubble,  it  will  be  seen  that  in  the 
tests  made  on  July  15th,  1890,  the  extreme  limits  of  length  of  bubble 
employed  are  used,  and  give  results  which  are  practically  identical 

It  is  of  course  well  known  that  a  long  bubble  will  come  to  rest  more 
quickly  than  a  short  one.  When  the  length  of  the  bubble  on  the  level 
in  question  is  half  an  inch  long,  it  will  come  to  rest  in  about  sixty 
seconds ;  when   it  is  one  inch  long,  in  about  35  seconds ;  when  it  is 

E 
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two  inches  long,  in  about  20  seconds;  and  when  three  inches  long, 
somewhat  less  than  15  seconds.  Or,  speaking  verj  roughly,  the  length 
of  time  which  the  bubble  takes  to  settle  is  inversely  proportional  to  its 
length.  A  very  short  bubble  is  more  searching  in  detecting  local 
irr^ularities  of  curvature,  and  unless  the  level  is  a  good  one  there  will 
be  a  resulting  lack  of  uniformity  of  scale  value  in  the  use  of  a  short 
bubble.  The  long  bubble  extending  to  opposite  ends  of  the  tube  evens 
up  any  small  local  errors,  giving  the  average  value  of  the  scale  value  at 
the  two  ends.  A  level  which  is  fairly  good  for  a  long  bubble  may  be 
very  poor  when  the  bubble  is  short.  Such  was  not,  however,  to  any 
great  extent  the  case  with  the  level  in  question.  Professor  Fuertes  has 
given  an  instance  of  this  kind,  and  Professors  Crandall  and  Wing  hare 
made  a  special  investigation  as  to  the  effects  of  different  lengths  of 
bubbles.  The  average  of  one  division  along  the  whole  length  of  the 
scale,  which  is  the  point  in  question  with  Mr.  SaegmuUer,  is  not,  how- 
ever, different.  The  speaker  has  this  afternoon  tested  the  level  in  ques- 
tion for  a  length  of  bubble  of  half  an  inch  and  for  a  length  of  2,7  in., 
obtaining  exactly  the  same  average  scale  value  for  both  lengths. 

The  length  of  the  bubble  can  have  and  has  no  effect  whatever  on  the 
average  scale  value  of  a  perfect  level.  Mr.  Saegmullcr  does  not  quite 
grasp  the  idea  of  the  change  of  form  which,  the  author  has  maintained, 
may  take  place  in  a  properly  mounted  level.  He  seems  to  look  to  all 
change  as  being  due  to  external  strain,  whereas  what  we  are  dealii^ 
with  is  obviously  a  question  of  internal  strain. 

Eeferring  to  Mr.  Carj  mael's  remarks  where  the  sectional  area  of  the 
tube  is  different  at  the  two  ends,  the  curvature  in  cross  section  at  Ute 
upper  surface  will,  from  the  nature  of  the  usual  process  of  grinding,  be 
different,  giving  the  resulting  change  of  zero  referred  to  in  the  paper. 
Mr.  Dodwell's  remarks  refer  more  to  the  errors  of  levelling.  The 
speaker  has  not  been  able,  through  lack  of  time,  to  look  into  carefully 
his  suggestion  to  use  bi-sulphide of  carbon.  There  would  be  three  points 
to  consider :  1st,  Its  mobility.  In  this  it  probably  ranks  below  ether  ; 
2nd,  its  hygroscopic  properties  ]  and  3rd,  the  practical  question  of  its 
use  by  the  maker.  Its  highly  volatile  character  would  increase  the 
difficulty  of  closing  the  tube.  Some  experiments  are  being  made  on 
these  points,  and  the  speaker  would  like  to  be  allowed  to  add  the  results, 
if  any  are  obtained,  to  this  discussion.^ 

If  the  change  in  the  position  of  the  bubble  referred  to  by  Mr.  Irwin 

•  The  ezperimentB  above  referred  to  show  that  hi-8u]phide  of  carbon  is  somewhat 
more  mobile  than  ether,  and  there  does  not  seem  to  be  any  objection  to  its  use  in  leTds 
except  the  difficulty  of  manof  aotore. 
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was  due  to  a  shift  of  the  zero,  as  it  would  seem  to  be,  then  undoubtedly 
the  method  pursued  by  him  is  the  correct  one,  and  would  eliminate  any 
error  arising  from  that  cause.  It  should,  however,  be  borne  in  mind, 
that  a  similar  result  might  follow  from  unequal  contraction  of  the  metal 
of  the  instrument,  and  in  this  case  there  would  be  an  error  introduced 
in  so  using  the  level.  The  golden  rule  is  to  test  for  each  and  every 
condition  in  which  an  instrument  is  used. 

Professor  W.  Wright  said  he  had  read  Professor  McLeod's  paper  with  Prof.  Wright 
great  interest.     It  seems  a  very  clear  and  practicable  exposition,  and 
contains  many  things  not  generally  known. 

One  or  two  points  might  have  been  elaborated.  For  exampIe,^  people 
should  be  warned  against  Trough  ton  &  Simms'  method  of  placing  the 
level  tube  in  a  metallic  case  and  filling  up  with  plaster  of  Paris.  He 
has  seen  levels  of  this  kind  made  by  them  to  accompany  a  14  inch 
theodolite  for  primary  triungulation  work.  Again  the  very  trouble- 
some question  of  personal  equation  is  touched  on  rather  lightly. 

Professor  J.  B.  Johnson  (of  Washington  University)  said  that  prob-  Prof.  Johxuon. 
ably  Professor  McLeod  could  have  added  with  some  profit  a  method  of 
adjusting  up  the  levels  of  a  city  plot.  For  instance,  every  city  has  a 
great  many  determinations  of  the  difference  of  elevation  between  its 
various  bench  marks,  and  when  a  sufficient  number  of  observations 
are  obtained,  it  would  be  well  (if  the  expense  cannot  be  incurred  of 
going  over  the  whole  set  by  precise  methods)  to  try  and  find  the  most 
probable  values  of  thoa^  differences.  This  means  some  system  of 
reduction  similar  to  that  used  in  the  writer's  work  on  surveying,  for 
adjusting  up  a  network  of  polygons.  Most  city  engineers  do  nothing 
of  the  sort,  but  arbitrarily  fix  these  values. 

Neither  has  the  author  said  anything  on  the  significance  of  weight 
(or  mass)  in  a  levelling  instrument.  The  heavier  the  instrument  the 
less  it  is  affected  by  wind,  and  a  heavy  instrument  is  always  better 
than  a  light  one.  Most  engineers  seek  light  instruments  for  comfort^ 
and  thereby  sacrifice  largely  in  the  matter  of  accuracy. 

Mr.  W.  McNab  said  that  the  Society  is  indebted  to  Professor  Mr.  McNab. 
McLeod  for  his  excellent  paper  on  this  particular  branch  of  engineering 
science.  The  information  and  suggestions  contained  in  it  are  of  a 
practical  nature^  and  cannot  fail,  if  carefully  considered,  to  largely 
assist  those  engaged  in  the  work  in  obtaining  a  degree  of  accuracy 
such  as  perhaps  may  not  have  been  aspired  to  before,  or  considered 
possible  or  necessary. 
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In  regard  to  errors  arising  from  the  improper  adjustments  of  the 
instruments  themselves,  it  is  noteworthy  that  there  are,  unfortunately, 
many  levellers  who  ohtain  very  inoorreot  results  by  reason  of  a  lack  of 
proper  knowledge  of  the  construction  and  principles  of  the  level  in  all 
its  details.  Perhaps  the  most  common  error  met  with  in  every  day 
work  is  that  arising  from  the  too  frequent  acceptance  of  the  instrument 
as  being  in  perfect  order,  provided  the  bubble  remains  stationary  during 
a  revolution  of  the  telescope. 

If  those  who  use  the  instruments,  but  who  are  not  well  acquainted 
with  the  principles  of  their  construction,  realized  for  a  moment  the 
serious  discrepancies  that  frequently  result  from  such  ignorance,  it 
would  appeal  to  them  forcibly  that  the  art  of  correct  levelling  consists 
in  more  than  the  mere  mechanical  reading  of  the  staff  (however  accur- 
ate that  may  be)  and  bringing  the  bubble  to  the  desired  central  point 
by  the  aid  of  the  levelling  screws. 

Professor  McLeod  has  furnished  some  tables  showing  the  accuracy 
with  which  levelling  has  been  accomplished  over  long  distances  in 
India  and  the  United  States ;  and  in  connection  therewith  it  might  be 
interesting  to  cite  an  example  of  what  has  been  done  in  Canada  in 
that  respect.  In  a  series  of  levels  which  were  taken  over  the  maio 
lines  of  the  Grand  Trunk  Bailway  in  1878,  a  difference  of  only  ^  of  a 
foot  in  220  miles  was  found  to  exist  between  them  and  levels  takei 
in  1858,  reckoning  from  an  established  bench  mark  in  Belleville,  Ont., 
and  one  in  Montreal.  In  the  former  the  levelling  was  run  in  a 
westerly  and  in  the  latter  in  an  easterly  direction  between  the  points 
mentioned.  Similar  oases  might  also  be  quoted  in  respect  to  the 
result  of  the  check  levels  from  the  railway  line  to  the  water  level  of 
Lake  Ontario,  at  various  points  between  Kingston  and  Toronto.  At 
none  of  the  points  on  the  lake  noted  between  these  two  cities  was  a 
difference  of  more  than  ^L  of  a  foot  observed.  The  height  of  the 
normal  surface  of  the  lake  had  been  previously  determined  by  an 
arranged  plan  of  simultaneous  observations  at  the  various  points  by 
parties  detailed  for  the  purpose ;  and  at  noon  on  a  certain  day,  when 
the  elements  were  perfectly  calm  at  all  the  places,  and  had  been  so  for 
at  least  24  hours  previously,  the  water  level  was  accurately  marked,  and 
the  check  levels  were  taken  from  the  line  of  the  railway  to  these 
various  marks. 

For  general  use,  the  speaker  prefers  the  Dumpy  (but  of  course 
due  allowance  must  be  made  for  the  makers)  \  the  adjustments  may 
require  the  use  of  measures  not  necessary  in  the  Wye,  but  when  once 
thoroughly  adjusted,  his  experience  is  that  the  former  can  be  depended 
upon  to  preserve  that  condition  much  longer  than  the  latter. 
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There  is  a  souroe  of  error  that  might  be  meDtiooed  in  ooDnectioa 
with  levelling,  and  that  is  incorrect  reading  of  the  staff,  owing  to  an 
inferior  or  bad  style  of  delineation  of  the  graduations.  There  are 
some  staffs  in  frequent  use  to-day  having  such  a  confused  method  of 
graduation  that  they  somewhat  resemble  a  set  of  hieroglyphics — probably 
the  design  of  some  one,  who,  to  be  different  from  others,  has  sacrificed 
utility  to  originality.  One  style  of  staff  which  the  speaker  has  found 
very  simple,  and  the  most  serviceable,  is  graduated  with  a  series  of 
triangles  whose  angular  points  represent  the  tenths.  These  triangles 
are  then  subdivided  into  the  hundredths  by  lines  parallel  with  the  base, 
the  spaces  being  painted  alternately  black  and  white. 

Professor  McLeod  has  embraced  very  concisely  the  various  sources 
of  error  connected  with  the  instruments,  and  his  paper,  with  the  sug- 
gestion thrown  out,  cannot  fail  to  result  in  benefit  to  those  engaged  in 
the  work  of  levelling. 

Mr.  H.Irwin  said  Professor  McLeod's  paper  is  the  more  welcome  ^r.  irwin. 
since  there  is  very  little  satisfactory  information  on  the  subject  to  be 
found  in  books. 

With  regard  to  bubble  tubes — '*  Gillespie,"  the  standard  American 
author  on  surveying,  on  page  224  of  the  1883  edition,  says  that  the 
bubble  tube   **  consists  of  a  glass  tube  slightly  curved  upwards  at  its  ' 
middle, "  and  on  page  240  of  same  edition  describes  it  as  being  ''  a 
curved  ^lass  tube.'' 

In  G-illespie's  later  book  called  ^'  Higher  Surveying ''  (a  most  satis- 
factory work),  edited  by  Captain  Cady  Staley,  and  dated  1881,  the 
spirit  level  is  described  on  page  12  as  being  '^  a  curved  glass  tube.*' 

Hankine,  in  his  edition  of  18S5,  states  that  a  spirit  level  is  '^  a  glass 
tube  having  a  slight  curvature,  convex  upwards." 

Loomis,  on  page  44  of  the  edition  of  1882,  describes  the  spirit 
level  as  '^  a  glass  tube  apparently  cylindrical,  but  really  a  portion  of  a 
ring  of  very  large  radius." 

The  above  is  about  all  the  information  to  be  found  on  the  subject  of 
the  babble  tube  in  the  books  mentioned. 

Heather  in  his  very  useful  book  on  Mathematical  Instruments,  edition 
of  1880,  page  10,  describes  the  spirit  level  ^'  as  a  glass  tube  differing 
<<  from  the  cylindrical  form  by  having  its  diameter  largest  in  the  middle 
*^  and  decreasing  slightly  and  with  great  regularity  from  the  middle  to 
'<  the  ends ; "  he  also  gives  very  good  criteria  of  a  good  level  tube  taken 
from  Pearson's  Astronomy,  as  well  as  the  method  of  adjusting  a  Dumpy 
with  three  pegs,  but  does  not  explain  the  reason  for  each  part  of  the 
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adjustment.  Indeed  the  speaker  has  never  seen  any  explanation  of  the 
adjustment  of  the  cross  hairs  by  this  method  in  any  book,  and  had  his 
attention  first  called  to  that  subject  by  his  old  friend  and  college  class 
fellow,  Mr.  H.  B.  HoUinshead,  a  member  of  the  Society. 

In  mentioning  the  correction  of  the  cross  hairs  Rankine  quotes  Pro- 
fessor Blood  of  Queen's  College,  Galway,  as  proving  that  ''  the  exact 
"  coincidence  of  the  cross  wires  with  the  axis  of  the  telescope  tube  is  not 
"  absolutely  essential  to  accurate  levelling.*'  See  page  84  of  edition  of 
1885.  It  should  be  noted  here  that  he  calls  the  line  of  coUimation  the 
**  axis  of  the  telescope." 

Professor  Blood's  proof  is  as  follows  :— 


"  Let  A  A  (Fig.  1)  be  a  section  of  the  object  glass,  B  C  the  axi^  of 
*^  the  telescope  tube,  and  D  D  the  diaphragm.  Let  P]  be  a  section  of  th« 
^^  horizontal  cross  hair,  not  in  the  axis  of  the  telescope ;  then  when  the 
*^  inner  tube  is  drawn  in  and  out  the  cross  hair  E  will  move  along  the 
"  line  E  F,  provided  always  that  the  maker  has  put  the  inner  tube  cor- 
^'  reotly  in  its  proper  position  in  regard  to  the  outer  tub 3  so  that  it  will 
*^  slide  parallel  to  the  outer  tube. 

'^  Let  H  be  the  outer  principal  focus  of  the  object  glass,  situate  on 
*^  C.  B.  Then,  since  all  rays  of  light,  whose  paths  within  the  telc^^cope 
''  are  parallel  to  B  C,  pass  through  the  focus  H,  and  since^  for  that 
'^reason,  all  possible  positions  of  E  coincide  with  the  images  of  points 
'^  situate  in  one  straight  line  G  K ;  consequently  G  Kmay  be  regarded 
'^as  the  true  line  of  coUimation,  and  if  the  spirit  level  be  adjusted  so  as 
''  to  be  parallel  to  that  line  correct  results  will  be  obtained  in  levelling, 
'^  though  the  cross  hair  be  not  in  the  axis  of  the  telescope." 

Now  this  proof  may  have  seemed  very  satisfactory  to  Professor  Blood, 
but  the  speaker  does  not  believe  that  he  ever  did  any  very  accurate 
levelling  with  a  level  adjusted  on  the  above  principle,  and  it  must  be 
noted  that  Professor  Blood  does  not  give  his  method  of  making  the 
bubble  tube  parallel  to  G  K. 

In  point  of  fact  when  an  object  is  placed  at  H  (the  principal  outer 
focus)  no  image  of  it  can  be  formed  at  any  point  on  the  line  D  D  ;   the 
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image  would  only  be  formed  at  apointinfiaitely  distant  from  the  objeot 
glass  A  A,  since  all  the  rays  from  H,  afber  passing  through  A  A, 
become  parallel  to  H  0,  as  for  instance  the  ray  F  E. 

Indeed  an  object  must  be  placed  considerably  further  from  A  A  than 
H  in  order  that  it  should  be  seen  distinctly.  The  object  is  then  at  the 
conjugate  focal  distance  which  corresponds  to  the  position  of  the  cross 
hairs  at  which  the  object  is  clearly  seen,  and  in  that  case,  the  rays  of 
light  coming  from  the  object  arc  no  longer  parallel  to  the  line  H  C  but 
converge  to  some  point  on  the  line  DD,  which  point  should  beat  X on 
the  line  B  C  ;  and  the  horizontal  cross  hair  should  correspond  with  this 
point. 

The  speaker  would  like  to  know  Professor  McLeod's  views  on  the  sub- 
ject, Professor  Blood's  proof  failing  for  the  reason,  that  an  object  cannot 
be  seen  through  the  telescope  when  it  is  at  the  principal  focal  dis- 
tance. 

The  correction  of  the  cross  hairs  in  a  Dumpy  level  by  the  three  peg, 
method,  already  referred  to,  is  intimately  connected  with  this  point 
where  Professor  Blood's  proof  seems  to  the  speaker  to  break  down.. 

In  giving  the  mnnncr  of  correcting  and  adjusting  a  Bumpy  level  by 
the  two  peg  method  (ref'*rred  to  by  Professor  McLeod,  who  does  not 
mention  the  three  peg  method),  the  Professor  does  not  show  how  the 
proportion  of  the  error  due  to  tlie  cross  hairs  being  out  of  position  and 
that  due  to  the  axis  of  the  telescope  not  bcini;  perpendicular  to  the 
spindle,  or  vertical  axis,  can  be  separated. 

By  the  three  peg  method,  as  explained  in  Heather's  book  above 
referred  to,  and  which  is  most  easily  performed  when  the  three  pegs  are 
set  exactly  levol,  by  placing  the  instrument  midway  between  each  pair, 
after  having  adjusted  tiie  bubble  so  as  to  reverse  and  thereby  made  it  at 
right  angles  to  the  axis  of  the  spindle,  the  error  due  to  each  of  the  last 
mentioned  causes  can  be  readily  ascertained.  For  if,  after  getting  the 
three  pegs  exactly  level  (and  a  stout  nail  in  the  head  of  each  will  be 
found  very  convenient  for  accurate  adjustment),  the  level  be  placed  as 
close  as  possible  to  one  of  the  pegs  and  a  readin^x  be  taken  on  each  peg, 
then  if  the  error  at  the  furthest  peg  be  exactly  double  of  the  error  at  the 
middle  peg,  this  error  is  due  altogether  to  the  axis  of  the  telescope  not 
being  p  irallel  to  the  bubble  and,  therefore,  not  at  right  angles  to  the 
spindle ;  and  the  error  must  be  corrected  by  the  screws  which  connect 
the  telescope  to  the  bar  acro-^s  the  top  of  the  spin  He.  These  screws  are 
commonly  called  the  ^^  body  screws."  But  if  the  discrepancy  at  the 
furthest  peg  be  either  more  or  less  than  double  the  discrepancy  at  the 
middle  peg,  then  this  excess  or  deficiency  in  the  discrepancy  is  due  to 
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the  cross  hairs  boing  out  of  position,  i.  e.,  not  in  the  axis  of  collima- 
tioD. 

The  reason  why  the* error  in  reading  the  rod  caused  by  the  crosshairs 
not  being  in  the  axis  of  collinaation  is  not  directly  proportional  to  the 
distance  of  the  rod,  seems  to  the  speaker  to  be  that  in  adjusting  the 
focus  for  very  distant  objects,  again  for  objects  at  a  medium  dlstanoe 
say  of  200  feet,  and  finally  for  objects  as  close  as  can  be  distinctly  seen 
through  the  telescope,  the  eyepiece  and  with  it  the  cross  hair  is  not 
moved  out  by  an  amount  directly  proportional  to  the  distance  of  the 
object. 

The  result  of  this  is  that  the  length  of  rod,  which  can  be  seen  in  the 
field  of  view  of  the  telescope,  is  not  directly  proportional  to  the  distance 
of  the  rod. 

For  example  in  the  case  of  a  16  inch  Wye  level,  lately  used  by  the 
speaker,  at  a  distance  of  400  feet  can  be  seen  5^  feet  of  the  rod  in  the 
field  of  view ;  at  a  distance  of  200  feet,  3  feet  of  the  rod,  and  at  a  dis- 
tance of  12  feet,  only  0.26  feet  of  the  rod  can  be  seen  in  the  field  of 
view. 

Were  these  various  lengths  of  rod  proportional  to  the  distances  at 
which  each  length  can  be  seen,  the  length  of  the  rod  which  can  be  seen 
at  200  feet  would  be  2.72  feet  instead  of  3  feet. 

Now  these  various  lengths  of  rod  which  can  be  seen  at  the  difierent 
distances  are  really  the  images  which  are  formed  at  thediaphram ;  and 
the  distance  between  the  cross  hairs,  which  are  supposed  to  be  out  of  the 
axis  of  coUimation  and  this  axis,  is  projected  with  its  constant  distance 
on  these  various  images,  and  since  these  images  are  of  difierent  bat  not 
proporttonnl  lengths  of  rod,  it  follows  that  this  constant  distance,  betwee>i 
the  position  of  the  cross  hair  and  the  axis  of  collimation,  will  cover  a  dif- 
ferent length  of  rod  at  each  distance  which  will  be  practically  propor- 
tional  to  the  length  of  rod  which  can  be  seen  in  the  field  of  view;  and 
since  this  latter  length  is  not  directly  proportional  to  the  distance  of  the 
rod,  it  follows  that  the  error  in  reading,  due  to  the  cross  hairs  not  bemg 
in  the  axis  of  collimation,  will  also  not  be  directly  proportional  (o  th'^ 
distance  of  the  rod.  These  remarks  regarding  the  method  of  discover- 
ing and  cerrecting  the  error  due  to  the  cross  hairs  not  being  in  the  line 
of  collimation  are  intended  to  apply  to  the  three  peg  method  of  adjust- 
ment, which  the  speaker  believes  to  be  the  most  direct  and  satisfactory 
manner  of  adjusting  a  Dumpy  level. 

Different  levels  will  of  course  not  give  the  same  difference  in  error  at 
the  same  distance  of  the  rod,  even  though  the  error  in  position  of  the 
cross  hairs  be  the  same  in  all. 
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In  the  oase  of  the  Wye  level  already  referred  to,  the  difference 
between  the  focal  length  for  extreme  distance  and  that  for  objects  at  12 
feet  distant  is  only  1^  inches. 

On  the  other  hand,  the  speaker  found  in  using  the  Dumpy  level,  which 
has  a  1^  inch  object  glass  of  18  inch  focal  length  for  extreme  distance 
and  a  magnifying  power  of  40,  that  after  readins;  the  rod  at  about  500 
feet  it  was  only  necessary  to  push  out  the  tube  about  ^^  of  an  inch  to 
read  the  rod  at  250  feet,  while  to  read  it  at  about  10  feet  away  the  tube 
had  to  be  pushed  out  about  3^  inches. 

In  an  ordinary  American  Wye  level  the  extreme  length  of  the  adjust- 
ment for  focus  is  generally  about  1^  inches. 

While  adjusting  the  18  inch  Dumpy  level  already  referred  to,  the 
speaker  found  that  in  correcting  the  cross  hairs,  moving  them  enough 
to  make  a  difference  of  two  hundredths  at  500  feet  made  very  little 
difference  at  250  feet  due  to  the  email  change  in  the  focal  length  for  the 
two  distances,  while  there  was  no  perceptible  change  in  tlio  raading 
of  the  rod  at  10  feet  away,  which  practically ^  at  least,  confirms  the 
theory  of  the  correction  of  the  cross  wires  before  alluded  to,  and  seems 
completely  to  refute  the  argument  of  Professor  Blood. 

It  might  be  mentioned  that  the  level  above  referred  to  has  a  sensitive 
bubble,  the  scale  value  being  about  ^  of  an  inch  in  400  feet  or  5 
seconds  per  division. 

Professor  McLeod  gives  a  "  second  method  *'  of  getting  the  true  dif- 
ference in  level  between  two  points  which  is  new  to  the  speaker ;  it 
reminds  him  of  a  method  followed  by  some  instrument  makers  in  adjust- 
iDg  Dumpy  levels.  They  set  up  a  Wye  level,  adjust  it,  measure  the 
height  of  the  object  glass  above  the  floor,  mark  a  point  on  a  wall  or  other 
distant  object  coincident  with  the  cross  hairs,  and  then  set  a  Dumpy  level 
where  the  Wye  level  was  set  up,  get  it  levelled  with  the  centre  of  its 
object  glass  at  the  same  height  above  the  floor  as  the  Wye  level  was, 
and  then  make  the  cross  hair  of  the  Dumpy  cut  the  same  mark  as 
made  from  the  Wye  level . 

The  speaker  does  not  altogether  agree  with  Professor  McLeod  as  to 
the  time  taken  to  correct  a  level  by  the  indirect  method  as  compared 
with  the  time  required  to  adjust  it  by  the  direct  method. 

Probably  in  the  case  of  a  very  sensitive  bubble  the  indirect  would  be 
about  as  long  as  the  direct  method.  The  speaker's  experience  is  that  it 
takes  a  very  short  time  to  adjust  the  bubble  of  an  ordinary  level,  and  it 
certainly  takes  a  much  shorter  time  to  adjust  the  cross  hairs  and  the 
telescope  axis  of  a  Wye  level  than  those  of  a  Dumpy. 

The  speaker  does  not  agree  with  Professor  McLeod  where  he  says 
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that  in  the  direct  method  only  one  of  the  two  adjustments  need  be  made, 
and  that  adjustment  should  be  preferably  that  of  the  reticule.  He 
is  of  opinion  that  in  the  direct  method  three  pegs  should  be  used, 
and  both  of  the  above  adjustments  made  by  the  means  already  des- 
cribed ;  at  any  rate  the  part  of  the  error  due  to  the  cross  hairs  being 
out  of  the  axis  of  coUimation  should  be  corrected  by  moving  the  cross 
hairs ;  and  the  part  of  the  error  due  to  the  telescope  tube  being  Dot 
parallel  to  the  bubble  should  be  corrected  by  adjusting  the  tube. 

The  speaker  has  had  practical  experience  of  the  fact  mentioned  by 
Professor  McLeod,  that  even  after  correcting  a  Wye  level  by  the  direct 
method,  it  may  still  be  out  of  adjustment  in  the  Y's. 

He  quite  agrees  with  Professor  McLeod  as  to  bis  preference  for  the 
Bumpy  over  tlie  Wye  level,  more  especially  the  American  make  of  the  lat- 
ter, in  which  the  parallel  plates  are  detached  from  the  spindle  each  time  the 
I'vel  is  put  into  its  box.  This  is  the  worst  feature  in  a  Wye  level,  as  the 
screw  used  to  clamp  the  spindle  into  place  seems  to  throw  the  instrument 
more  or  less  out  of  adjustment  every  time  it  is  taken  out  of  the  box. 
And  as  for  quickness  of  adjustment,  though  the  speaker  believes  that  an 
ordinary  Wye  level  can  be  adjusted  more  readily  by  the  indirect  method 
than  an  ordinary  Dumpy  can  by  the  three  p^  direct  method,  jet  the 
former  requires  to  be  adjusted  about  ten  times  as  often  as  the  latter. 
With  regard'to  the  error  sometimes  due  to  the  inner  tube  not  sliding  in 
the  line  of  sight,  the  speaker  considers  the  stout  tubes  used  by  Amencan 
makers  to  be  much  better  than  the  thin  tubes  of  English  made  levels, 
since  it  is  almost  impossible  to  turn  the  thin  tubes  sufficiently  true  to 
ensure  their  fitting  properly  one  within  the  other.  He  has  been 
informed  by  an  instrument  maker  that  the  best  plan  of  turning  the  tubes 
is  to  leave  a  slightly  thicker  collar  on  the  outside  at  the  end  of  the  inner 
tube  furthest  from  the  eyepiece,  and  a  similar  collar  on  the  inside  of  the 
outer  tube  at  the  end  furthest  from  the  object  glass.  It  would  seem  that 
in  this  case  the  inside  tube  would  have  to  be  put  into  position  by  taking 
out  the  object  glass  and  putting  the  inner  tube  in  at  that  end. 

With  regard  to  the  object  glass  cell  becoming  loose  in  the  tube,  the 
speaker  remembers  some  years  since  an  occasion  on  which  a  transit 
man  ran  a  flat  curve  in  place  of  a  straight  line,  through  the  object 
glass  not  being  screwed  tightly  into  place. 

In  regard  to  construction  of  levels,  one  point  to  be  attended  to  is 
the  length  of  the  spindle.  This  is  usually  about  two  and  one  half  inches, 
but  with  a  sensitive  level  tube  of  say  a  scale  value  of  about  6'  per  divi- 
sion the  spindle  would  work  better  if  it  were  an  inch  longer.  It  is  also 
important  to  see  that  the  socket  of  the  ball  and  socket  joint  does  not 
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work  tight  and  bind  on  the  end  of  the  spindle  so  as  to  make  the  telescope 
turn  round  stiffly  when  the  instrument  is  set  up  in  a  crooked  position. 
The  speaker  has  experienced  trouble  with  a  level  from  this  cause. 

The  speaker  fully  agrees  with  Professor  McLeod's  opinion  that  it  is 
better  to  have  an  over-sensitive  level  than  one  that  is  under-sensitive. 
With  a  very  sensitive  one,  accurate  work  can  be  done  when  necessary ; 
and  when  no  great  accuracy  is  required  the  bubble  need  not  be  levelled 
too  carefully. 

It  is  doubtful  whether  a  higher  power  than  30  could  be  used  with  a 
fourteen  inch  telescope  and  a  one  and  a  half  inch  object  glass,  that  is  by 
persons  of  average  power  of  sight. 

The  speaker's  experience  in  using  an  18  inch  Dumpy  with  a  one  and 
seven  eighths  inch  object  glass  is  that  a  power  of  40  is  as  high  as  can  be 
used  except  in  very  clear  weather.  It  must  be  remembered  that  any 
haziness  or  refraction  due  to  moisture,  or  unequal  heating  of  the  air, 
renders  it  very  difficult  to  see  with  a  high  power.  Why  erecting  eyepieces 
are  put  into  Wye  levels  the  speaker  cannot  understand. 

With  regard  to  reciprocal  levelling  for  transferring  levels  across  a  wide 
river  or  a  ravine ;  if  the  instrument  be  in  fair  adju!<tment,  it  would  seem 
to  be  as  bandy  to  get  a  reading  on  a  point  (A)  close  to  the  level  and 
then  one  on  the  opposite  side  on  a  point  (B),  then  to  go  over  close  to  B 
and  read  A  and  B  again,  as  to  make  use  of  the  method  described  by 
Professor  McLeod. 

It  may  be  of  interest  to  explain  how  the  error  due  to  curvature  is 
eliminated  by  reciprocal  levelling. 

This  may  be  done  as  follows,  viz  : 

Suppose  that  the  height  of  instrument  when  setnear  A  be  93.65,  that 
the  reading  of  the  rod  on  A  be  6.37  and  on  B  be  5.25,  this  would  give 
for  the  elevation  of  A  87.28  and  for  that  of  B  88.40  ;  but  since  the  level 
really  gives  the  line  of  a  tangent  to  the  earth's  surface  at  A,  the  reading 
at  B  will  be  too  great,  and  therefore  B  will  appear  too  low.  Let  this 
error  due  to  curvature  be  0.02  feet,  then  the  reading  at  B  should 
have  been  5.23  and  the  elevation  of  B  should  be  88.42  instead  of  88.40. 

Now  on  going  over  near  to  B  let  the  reading  on  A  be  7.89,  then 
assuming  an  error  due  to  curvature  of  0.02  feet  and  no  error  due  to 
refraction,  the  reading  on  B  will  be  6.73  and  the  respective  elevations  of 
A  and  B  will  be  87.28  and  88.44  ;  the  height  of  instrument  taken  from 
the  reading  on  B  being  95.17.  But  on  account  of  the  error  of  0.02 
due  to  curvature,  the  second  reading  at  A  should  have  been  7.87  instead 
of  7.89,  this  would  change  the  height  of  instrument  to  95.15,  and  would 
give  87.28  and  88.42  as  the  elevations  of  A  and  B  respectively. 
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In  suoh  a  case  the  level  book  would  read  somewhat  as  follows,  viz  : 


STATION 

BOD 

HEIGHT  OF  IN. 

ELEV. 

Inetrument  near  A 

A 

6.37 

93.65 

87.28 

B 

5.25 

88.40 

88.40 

Reading  on  B  should  be 

6.23  Elevation 

88.42 

Instrument  near    B             A 

7  89 

96.17 

87.28 

B 

6.73 

88.44 

88.44 

Reading  on  A  should  be 

7.87      96.16 

88.42 

176.84 

Mean  of  the  two  elevations  of  B  being  the  correct  elevation  88.42 

Since  the  error  due  to  refraction,  though  different  in  kind,  may  be  elimi- 
nated by  the  same  method  if  the  readings  be  taken  as  quickly  as 
possible  so  as  to  get  the  same  refraction  in  both  cases  ;  or,  better  still,  if 
two  levels  be  used  and  the  readings  across  the  river  or  ravine  be  taken 
at  the  same  time,  it  would  seem  as  if  it  were  a  better  method  than  that 
practised  by  some  engineers  of  reading  across  the  river  and  then  reading 
the  rod  at  the  same  distance  along  the  bank  of  the  river,  and  then 
checking  this  latter  reading  by  levelling  over  the  same  distance  with  short 
sights,  for  in  this  latter  case  it  is  souietimes  impossible  to  obtain  a  reading 
along  the  bank  at  the  same  distance  as  across  the  river,  and  besides  in 
reading  along  the  bank  the  refraction  is  not  at  all  the  same  as  in  reading 
across  a  river. 

Since  refraction  has  been  alluded  to,  and  since  it  may  cause  consider- 
able errors  in  levelling  across  wide  rivers,  it  may  be  of  interest  to  give 
the  method  of  ascertaining  the  error  due  to  that  cause  which  was  used 
by  General  Roy  on  the  Trigonometrical  Survey.  It  is  as  follows, 
viz: 

In  the  diagram  (Fig.  2),  let  C  represent  the  centre  of  the  earth,  A 
and  B  the  true  places  of  two  stations  above  the  surface  S  S ;  A  D  and 
B  O  horizontal  lines  at  right  angles  to  the  radii  A  C  and  B  C  ;  a  and  h 
the  apparent  places  of  A  and  B. 

In  the  quadrilateral  AEBC,  the  angles  at  A  and  B  are  right  angles 
therefore  the  sum  of  the  angles  at  E  and  C  are  equal  to  two  right  angles 
and  also  equal  to  the  three  angles  A^  E  and  B  of  the  triangle  AE  B; 
taking  away  the  angle  E  common  to  both,  the  angle  C  or  the  are  SS, 
remains  equal  toE  A  B+  E  B  A,  or  in  other  words,  the  $um  of  the  red- 
procal  depressioni  below  the  horizontal  lines  A  D  and  B  O,  repre- 
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tented  hy  the  angles  E  A  B  ^r  E  B  A^  would  he  equal  to  the  contained 
arc  if  there  were  no  refraction.  Bat  a  and  h  being  the  apparent  places 
of  the  objects  A  and  B,  the  observed  angles  of  depression  will  be  D  A 
h  and  0  B  a;  therefore  their  sum  taken  from  the  angle C  (the  contained 
arc  of  distance)  will  leave  the  angles  6  A  B  and  a  B  A  the  sum  of  the 
two  refractions  ;  hence  supposing  half  that  sum  to  be  the  true  refraction, 
we  have  the  following  rule  when  the  objects  are  reciprocally  depressed : 
Subtract  the  mm  of  the  two  depressions  from  the  contained  arc,  and  half 
the  remainder  is  the  mean  refraction. 

If  one  of  the  points  B,  instead  of  being  depressed,  be  elevated  suppose 
to  the  point  g,  the  angle  of  elevation  being  g  A  D,  then  the  sum  of  the 
two  ang'cs,  c  A  B  and  e  B  A  will  be  greater  than  E  A  B+ £  B  A  (the 
angle  C,  or  the  contained  arc)  by  the  angle  of  elevation  e  A  D ;  but  if 
from  e  A  B  -f  e  B  A,  we  take  the  depression  O  B  a,  there  will  remain  e 
A  B  +  a  B  A,  the  sum  of  the  two  refractions  j  the  rule  for  the  mean 
refraction  then  in  this  case  is :  Subtract  the  depression  from  the  turn  of 
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the  contaiTied  arc  and  the  elevation  and  half  the  nmainder  u  the nieoit 
refraction. 

The  distance  between  the  poiDts  A  and  B  being  known,  the  angle  C 
can  easily  be  found,  since  the  mean  value  of  the  length  of  the  arc  on  the 
earth's  surface  subtended  by  an  angle  of  one  second  at  the  centre  is 
101.42  feet. 

In  levelling  operations  the  angles  of  elevation  and  depression  above 
referred  to  can  be  calculated  from  the  observed  differences  of  level  and 
the  distance  between  the  points. 

The  error  of  0.02  feet  between  the  lengths  of  two  14'  levelling  rods, 
referred  to  by  Professor  McLeod,  would  make  no  practical  difference  in 
ordinary  railway  work,  provided  the  eiTor  was  evenly  distributed  over 
the  rod,  and  thiit  the  same  rod  were  used  throughout  the  work ;  eroept 
where  a  steep  and  high  hill  had  to  be  levelled  over,  and  even  then  in 
going  up  240  feet,  say  with  20  shifts  of  the  level,  the  error  would  only 
be  about  5  inches,  which  would  be  spread  over  about  three  miles  of 
pretty  stiff  grades. 

As  regards^  errors  from  not  holding  the  rod  vertically,  the  speaker  pre- 
fers to  have  his  rodman  stand  at  right  angles  to  the  line  of  sight  instead 
of  facing  the  level.  In  this  way  the  rodman  can  see  if  the  rod  be  ver- 
tical in  the  plane  of  the  line  of  sight,  and  the  leveller  can  see  if  it  be 
vertical  in  the  plane  square  to  the  line  of  sight.  Probably  for  accurate 
levelling  some  form  of  rod  level  which  can  be  readily  adjusted  would 
be  useful.  The  speaker  would  like  to  see  a  series  of  levels  carried 
across  the  countiy  under  the  control  of  the  Government. 

Mr.  Robertson  The  author's  preference  for  the  "  Dumpy  **  level  is  the  usual  conclusion 
arrived  at  by  engineers  familiar  with  the  use  of  both  forms.  Still  the 
English  tripod  which  is  usually  attached  to  this  instrument  is  a  decided 
drawback. 

In  Kankine's  Civil  Engineering  it  is  demonstrated  that  the  eract 
coincidence  of  the  cross  hairs  with  the  axis  of  the  telescope  is  not  essen- 
tial to  accurate  levelling.  Still  it  seems  that  if  the  direct  method  of 
adjut'ting  a  Wye  level  be  followed  as  described  in  this  paper,  there  is  a 
possibility  of  the  cross  hairs  being  moved  far  from  the  axis  of  the  tele- 
scope, according  to  the  position  in  which  the  bubble  tube  may  be  found. 

The  sentence  referred  to  is :  ''In  the  essential  adjustments  by  the 
indirect  method,  both  may  require  correction,  whereas  in  the  direct 
method  only  one  of  them — pjeferably  the  reticule — need  be  moved." 

Now,  supposing  some  mischievous  person  had  screwed  up  one  end  of 
the  bubble  tube,  it  would  not  be  readily  noticed  on  a  Wye  level,  for  there 
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are  do  bearing  blocks.  You  would  proceed  to  adjust  the  cross  hairs  as 
directed  to  bring  the  line  of  sight  parallel  to  the  bubble  aris^  and  thereby 
shift  the  cross  hairs  far  from  ihe  axis  of  the  telescope. 

It  a[»pears  to  the  writer  that  in  order  to  insure  the  cross  hairs  remain- 
ing approximate  to  the  axis  of  the  telescope,  in  the  case  of  the  Wye  level, 
whether  adjusting  by  direct  or  by  indirect  method,  the  cross  hairs  should 
be  centred  first,  by  revolving  the  telescope  in  its  bearings,  and  then  the 
bubble  axis  brought  parallel  to  the  line  of  sight ;  whereas  with  the  Dumpy 
the  bubble  tube  should  be  screwed  down  to  the  blocks  at  both  ends,  which 
is  its  most  secure  position,  and  then  the  line  of  sight  brought  parallel  to 
the  bubble  axis  by  moving  the  cross  hairs. 

In  comparing  the  direct  with  the  indirect  method  of  adjusting  a  Wye 
level,  the  author  will  probably  have  everyone  with  him  as  to  the  greater 
accuracy  of  the  former ;  but  as  to  the  saving  of  time  the  writer  has  tried 
to  prove  that  there  should  not  be  the  saving  of  the  adjustment  of  one 
set  of  screws,  and  there  is  also  the  consideration  that  the  indirect  method 
may  be  practiced  under  shelter  from  wind,  sunshine,  rain,  and  above  all 
with  warm  fingers. 

Professor  McLeod,  in  reply,  said  that  Professor  Johnson's  suggestion  of  prof.  MoL«od; 
a  method  of  cr^tablishing  the  most  probable  values  of  bench  marks  in  the 
system  of  levels  of  a  city  is  an  exceedingly  valuable  one,  and  will  no 
doubt  bo  taken  advantage  of  by  our  city  engineers. 

Referring  to  Mr.  Irwin's  remarks,  the  author  docs  not  understand 
how  Professor  Blood's  demonstration  has  survived  through  the  many 
editions  of  Rankine's  Civil  Engineering.  Referring  to  the  diagram  on 
page  312,  Professor  Blood's  statement,  that  all  points  on  the  line  6  H  will 
form  an  image  somewhere  on  the  line  F  E,  is  perfectly  correct,  but  this 
does  not  constitute  G  H  the  line  of  sight.  For  any  given  position, 
the  line  of  sight  will  be  from  a  point  on  G  H  through  the  centre  of 
the  lens  to  a  point  on  F  E.  For  any  other  position  on  G  H  the  line  of 
sight  will  also  pass  through  the  centre  of  the  lens  (o  a  point  on  the 
line  F  E.  There  will  consequently  be  an  angle  between  these  two 
lines  of  sight,  and  if  the  axis  of  the  level  be  parallel  to  one  of  theub 
it  cannot  be  parallel  to  the  other ;  and  hence,  theoretically,  no  perfect 
condition  of  adjustment  can  exist  when  the  cross  hairs  are  not  in  the 
axb  of  the  instrument.  It  is,  however,  perfectly  true  that  the  extent 
of  the  deviation  from  horizon  tali  ty  of  the  line  of  sight,  on  change  of 
focus  due  to  the  non-coinoidence  of  the  line  of  sight  with  the  optical 
axis  of  the  instrument,  is  very  trifling  in  a  fairly  well  made  instru- 
ment, and  may,  when  the  adjustments  are  properly  made,   be  safely 
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neglected  in  ordinary  levelling  operations.  In  order  that  justice 
may  be  done  the  maker  in  this  respect,  the  instrument  should  of 
course  first  be  made  to  ^*  traverse,''  or  the  bubble  to  retain  approx- 
imately a  central  position^  while  the  instrument  is  turned  through 
180^.  But  this  is  the  very  condition  which  we  are  told  is  unnecessarj. 
Any  one  having  a  level  and  a  spare  hour  may  easily  satisfy  himself  oo 
this  point,  erperimentally.  Let  him  first,  while  the  instrument  is  in  its 
normal  condition  of  adjustment^  make  readings  on  points  at  diflferent 
distances ;  then  throw  the  cross  hairs  out  of  position,  to  their  extreme 
limit,  and  bring  the  level  axis  parallel  to  the  line  of  sight.  On  repeat- 
ing the  readings  on  the  same  points  as  formerly,  the  different  condition 
of  adjustment  will  be  obvious. 

Intending  only  to  touch  lightly  on  the  matter  of  adjustment^  the 
author  has  unfortunately  neglected  to  state  specifically  how  this  con- 
dition of  adjustment  may  be  examined  in  the  Dumpy.  One  of  the 
special  advantages  of  the  method  of  adjustment  which  he  has  recom- 
mended — the  " reciprocal' '  method — is  that  it  admits  of  this  test  being 
applied  by  afterwards  setting  the  instrument  back  at  a  considerable 
distance  from  one  of  the  p^s  in  a  line  with  the  other,  and  again  read- 
ing the  rod  on  the  pegs.  Any  discrepancy  discovered  in  the  readings 
will  be  due  to  the  lack  of  coincidence  of  the  optical  axis  of  the  telescope 
with  the  line  of  sight,  in  the  two  positions  of  the  draw  tube.  The 
three  p^  method  mentioned  by  Mr.  Irwin  accomplishes  the  same  object, 
but  at  a  sacrifice  of  time.  The  author  wishes  to  insist,  however,  that 
this  is  not  in  the  ordinary  sense  an  adjustment,  and  need  only  be 
applied  as  a  test  of  workmanship  after  purchase  or  repairs. 

The  matter  of  length  of  time  occupied  in  adjusting  the  different 
classes  of  instruments  is  entirely  a  question  of  experience.  What  the 
author  has  stated  is  his  experience.  The  statement  that  the  reticule 
only  need  be  moved  in  the  adjustment  of  the  Bumpy  was  made  for  the 
reason  that — ^as  already  stated — it  is  not  essential  for  ordinary  work  that 
the  bubble  should  remain  absolutely  central  while  the  instrument  is 
revolved  about  its  vertical  axis,  and  that  in  a  good  instrument  the  level 
tube  usually  retains  its  adjustment  with  sufficient  acci^cy  to  prevent 
the  necessity  of  change.  The  statement  in  the  text  should,  however, 
have  been  qualified  in  this  sense.  It  has  been  already  shown  that  the 
use  of  three  p^  is  unnecessary,  and  the  author  quite  admits  that  the 
Wye  level  can  be  adjusted  in  less  time  than  can  the  Dumpy  by  the 
three  peg  method,  but  he  never  contemplated  using  t^ree  pegs. 

As  to  the  uses  of  higher  powers  on  levels,  it  need  only  be  stated  in 
reply  that  powers  of  45  or  over  are  constantly  used  on  1 }  in.  object 
glasses  in  precise  levelling  operations. 
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In  this  discussion  w^  may  have  to  some  ertent  strained  at  gnats,  bat 
the  author  really  has  no  intention  of  swaUowing  the  large-sized  camel 
which  Mr.  Irwin  has  laid  down  as  an  article  of  ordinary  railroad  diet — 
a  fourteen  foot  rod,  measuring  14.02  feet.  Should  a  new  engineer 
with  a  correct  rod  appear  on  the  scene,  what  would  an  unfortunate 
contractor,  who  might  be  called  upon  to  take  an  extra  five  inch  cut 
from  the  bottom  of  a  '*  whin ''  rock  cutting,  have  to  say  about  this 
matter  ? 

Mr.  Bobertson,  in  his  remarks,  has  also  pushed  the  wording  of  the 
paper  to  an  extreme  of  sense.  No  person  worthy  of  the  position  of  level- 
ler could  be  ^'  taken  in"  by  the  ''  small  boy  "  in  the  way  he  suggests. 
As  a  matter  of  course  any  leveller  would  examine  the  level  to  see  that 
the  bubble  remained  approximately  in  position  before  adjusting,  and 
under  the  ordinary  conditions  of  use  it  will  be  found  to  keep  this  con- 
dition sufficiently  well  to  admit  of  the  most  accurate  adjustment  *  for 
all  positions  of  focus  by  simply  moving  the  cross-hairs. 

*  It  Bometinses  happens  that  from  Imperfect  workmanship  the  draw  tnbe  I0  not 
straight  or  of  perfectly  oircnlar  form  throughout.  In  such  a  case  perfect  adjastment 
for  all  positions  of  focus  is  of  couzae  imposaihle. 


Thnnday,  20th  November. 
H.  WALLIS,  Member  of  GoancU,  m  the  Chair. 

The  following,  having  been  ballotted  for,  were  declared  duly  elected 
as: — 

HBMBKR. 

Elmer  Lawrenoe  Gorthell. 

A8S00IATBS. 

Alfred  Adolphe  Dion.  Riohard  Willlim  FARUir. 

Edgar  Wilkes  Bathbun. 
STUDENTS. 

William  Norton  Gunninoham.  J.  Geo.  Bayenhurst  WAurwRiGHT. 

Gharlbs  Burrard  Kingston.  John  Alder  Smart. 

Horace  Bruoe  Eippen.  Jambs  Albert  Stevenson. 

J.  Murray  MoGreoor.  James  Tiohe. 

The  following  has  been  transferred  from  the  class  of  Associate 
Bfembers  to  that  of  Members : — 

F.  X.  Thomas  Berlinouet. 

The  following  has  been  transferred  from  the  class  of  Students  to  that 
of  Associate  Members  : — 

Noel  Edoell  Brooke. 

In  consequence  of  the  small  attendance  of  members,  it  was  onaai- 
mously  resolved  to  postpone  the  reading  and  discoasion  of  papers  uotU 
ihe  next  meeting. 


Friday,  28th  November. 
P.  W.  ST.  GEORGE,  Member  of  Council,  in  the  Ohair. 

Ba/per  No.  46* 

CABLE  RAILWAYS. 

By  P.  H.  MiDDLETON,  Stud.Can.Soo.O.E. 

Haulage  by  wire  cables  has  of  late  years  come  into  somewhat  ertended 
use  in  many  different  forms,  and  for  many  different  purposes;  but 
in  this  paper  it  is  intended  to  treat  only  of  the  application  of  the  endless 
cable  system  to  the  traction  of  street  railway  cars.  San  Francisco  was 
the  nursery  fo)m  which  this  method  of  transit  emanated,  for,  in  1873, 
that  city  boasted  its  first  cable  road  in  active  operation,  and  succeeding 
years  have  seen  the  number  steadily  increasing,  until,  in  1888,  the  sys- 
tem had  been  adopted,  not  only  in  several  of  the  large  cities  of  the 
United  States,  but  in  Melbourne  and  Sydney,  Australia,  and  in  London, 
Edinburgh  and  Birmingham,  Great  Britain,  while  the  number  in  San 
Francisco  itself  had  increased  to  seven. 

The  advantages  claimed  for  the  cable  system  of  street  railways  may 
be  classed  as  follows : — 

Ist.  The  steepest  grades  are  as  easily  worked  as  levels ; 

2nd.  The  easy  manipulation  of  the  cars,  the  stopping  and  starting 
being  effected  quickly  and  without  shock ; 

3rd.  TTniformity  of  running  speed.  The  rate  most  suitable  for  any 
district  and  any  service  can  be  established  and  maintained  with  regu- 
larity ; 

4th.  The  capacity  may  be  very  largely  increased  at  a  very  small 
additional  cost ; 

bih.  The  cleanlmess  of  the  track  and  greater  comfort  to  passengers ; 

6  th.  Low  cost  of  management  and  running  expenses. 

With  r^ard  to  gradients,  the  cable  system  of  haulage  reaches  far 
beyond  the  capacities  of  any  other  method.  Streets,  where  the  grades 
are  so  steep  that  the  use  of  horse  cars  is  either  too  expensive  or  alto* 
gether  impossible,  can  be  served  with  cable  cars  as  cheaply  as  on  the 
level,  thus  meeting  the  public  requirements  in  this  direction,  in  locali- 
ties which  would  otherwise  never  receive  any  such  accommodation. 
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There  are  cable  roads  io  operation  in  San  Francisco,  haying  grades  of 
1  in  6,  and  one  in  Los  Angeles  vrith  a  grade  of  1  in  5.  In  the  matter 
of  curves  there  is  no  difficulty  whatever,  as  street  corners  can  be 
turned  as  readily  with  the  cable  as  with  hors  cars.  Lines  can  be 
crossed  for  serving  streets  at  right  angles  to  each  otlier,  by  placing  one 
conduit  below  the  other  ;  and  switching  from  one  line  to  another  may 
also  be  accomplished  with  facility.  The  Market  street  cable  road,  San 
Francisco,  is  a  good  example  of  what  can  be  done  in  this  direction. 
By  referring  to  Figure  1,  Plate  X,  it  will  be  seen  that  there  are  four 
separate  cables  driven  from  one  station,  and  operat:D£^  ^  jrent streets ; 
two  of  tliem  being  cross  or  side  streets  in  connection  with  the  main  or 
Market  street  line  from  and  to  which  the  cars  are  switched  as  required. 
An  auxiliary  cable  is  necessary  to  take  the  cars  from  Valencia  street 
round  the  large  curve  across  the  main  cables  to  and  from  Market  street. 
The  connection  between  cars  and  cable  is  effected  by  means  of  a  gripping 
device,  one  of  the  most  important  and,  as  it  at  first  proved,  one  of  the 
most  difficult  features  of  the  system  to  work  out  in  detail.  It  was 
considered  by  the  early  designers  that  a  rolling  grip  was  a  necessity, 
hence  the  first  grip  used  was  constructed  with  that  idea  in  v>w,  as 
illustrated  in  Fig.  2,  Plate  X.  This  type  proved  very  inefficient,  and 
was  abandoned  for  the  sliding  grip,  Fig.  3,  Plate  X,  which  has  been 
found  not  to  injure  the  cable  to  any  serious  extent,  as  was  formerly 
feared .  There  are  many  different  forms  of  grip  in  use,  more  or  le?^ 
simple  in  detail,  and  having  more  or  less  gripping  power,  but  all  fairly 
efficient  and  easily  worked.  The  absence  of  shock  in  starting, 
promptness  io  stopping,  and  the  general  ease  with  which  the  cars  may 
be  handled,  are  strong  recommendations  for  the  system  for  passenger 
service. 

Figs.  4  and  5,  Plate  X,  show  a  method  in  which  the  jaws  of  the 
grip  are  closed  by  raising  the  rollers  RR  against  the  inclined  backs 
of  the  jaws,  thus  forcing  them  upon  the  cable. 

Figs.  6  and  7,  Plate  X,  show  the  **Vogel"  grip,  which  is 
operated  by  short  levers  or  toggles,  thus  causing  the  jaw  BB  to 
revolve  around  a  centre  pin  and  close  on  the  cable. 

Fig.  3,  Plate  X,  gives  yet  another  style,  the  cable  is  supported 
by  rollers  at  C  C,  and  the  jaws  DD  are  closed  by  rods  connected  with 
working  lever. 

Cable  roads  can  be  run  at  a  very  much  higher  rate  of  speed  than 
horse  oars — a  common  speed  being  8  miles  per  hour,  wh'^e  in  the  sub- 
urbs, where  traffic  is  not  so  great,  13  miles  b  sometimes  adopted.  The 
system  also  offers  great  facilities  for  accommodating  the  fluctuation  of 
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traffic  at  different  hours  of  the  day,  more  oars  being  added  as  required 
without  any  additional  cost  beyond  a  slightly  increased  demand  upon 
the  coal  pile. 

The  absence  of  smoke,  ashes  and  noise  attendant  upon  the  use  of  loco- 
motives, worked  either  by  steam  or  compressed  air,  and  the  noise  and 
dirt  and  general  disagreeableness  of  horse  cars,  renders  the  application 
of  the  cable  system  to  passenger  traffic  an  extremely  desirable  feature 
in  the  economy  of  modern  cities. 

The  cable  system  consists  mainly  of  an  endless  wire  rope,  driven  by 
a  stationary  engine  at  any  convenient  point  on  the  line,  placed  in  an 
underground  tube,  and  supported  at  intervals  upon  light  sheaves.  Along 
the  top  side  of  the  tube  runs  a  narrow  slot,  varying,  on  different 
roads,  from  f  "  to  J  "  in  width. 

The  road-bed  is  the  principal  feature  of  the  cable  system,  one  upon 
which  the  engineer  is  called  to  expend  his  utmost  care  and  ingenuity, 
not  only  in  the  selection  of  the  place  but  also  in  every  detail  of  the 
work.  It  is  by  far  the  most  expensive  item,  costing  from  $80,000  to 
9100,000  per  mile,  although  when  in  operation  the  running  expenses 
amount  only  to  8c.  or  9c.  per  car  mile,  while  those  of  electric  roads  vary 
from  12c.  to  16c.  per  car  mile.  The  tubes  or  conduits  are  made  of 
greater  or  less  depth  and  size,  to  suit  the  nature  of  the  ground  and 
climate,  as  they  must  also  act  as  drains  to  carry  off  such  water  as  may 
find  its  way  into  them .  Frames,  to  carry  guide  pulleys,  are  built  in 
the  tube,  at  about  30  to  50  feet  apart,  and  man-holes  are  provided  at 
each  such  place  to  admit  of  the  sheaves  being  oiled  and  renewed. 

The  track  is  rigidly  connected  to  these  frames  and  to  the  slot  irons, 
to  ensure  their  maintaining  always  the  same  relative  position.  Figs. 
8,  9,  10,  11, 12  and  13,  Plate  X,  show  some  examples  of  roadways 
and  conduits,  to  which  reference  will  be  made  later  on. 

The  cables  used  are  the  ordinary  wire  rope,  generally  of  crucible 
steel,  as  being  the  most  durable,  and  vary  slightly  in  size  from  3  ^'  to 
4  ''  circumference,  according  to  their  length  and  the  amount  of  traffic 
ezpeoted.  Some  lines  run  as  much  as  5  miles  of  cable  in  one  length,  at 
speeds  varying  from  6  to  13  miles  per  hour.  The  life  of  a  cable  b  from 
9  months  to  2  years.  The  operating  machinery  may  be  placed  any- 
where on  the  line,  a  matter  of  great  importance  in  working  the  busi- 
ness parts  of  large  cities,  as  the  necessity  for  purchasing  expensive  sites 
is  thus  avoided.  The  driving  machinery  is  of  a  very  simple  character, 
consisting  in  the  main  of  a  pair  of  horizontal  engines,  geared  simply 
on  to  a  large  sheave  or  drum.  Sometimes  a  pair  of  such  sheaves  are 
used,  round  which  the  cable  passes  two  or  more  times,  according  to  the 
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degree  of  tension  required  for  banling  the  traffic  of  that  pardeolar 
road.  The  grooves  of  theee  driving  sheaves  are  liable  to  unequal 
wear,  and  henoe  a  differential  aotion  is  established,  tending  to  strain  the 
cable  to  breaking.  To  remedy  this  difficulty  a  patent  sheave  wu 
invented,  the  ''  Walker "  differential  ring,  illustrated  in  Fig.  14, 
Plate  X.  It  will  be  seen  that  each  groove  is  in  a  separate  ring,  which, 
being  driven  by  friction,  is  free  to  move  independently  of  its  fellow, 
but  is  able  to  slip  should  the  strain  on  the  cable  become  ercessive. 

Some  method  of  providing  for  the  variation  in  length  of  cable,  dae 
to  changes  of  temperature,  is  also  necessary.  Some  plans  for  this  pur- 
pose are  shown  in  Figs  15,  16  and  17,  Plate  2,  that  one  which 
consists  of  two  carriages  being  preferable  to  either  of  the  others  \  the 
smaller  one  to  take  up  slack  due  to  the  temperature,  while  the 
larger  one  is  shifted  when  new  cables  are  put  in. 

OLAT  STREET  HILL  OABLE  RAILWAY. 

The  first  cable  railway  to  be  built  in  America  was  the  Clay  street 
hill  line,  in  San  Francisco,  California.  Clay  street,  for  a  long  way,  runs 
through  a  densely  populated  part  of  the  city,  and  is  only  49  ft.  wide 
from  house  to  house.  Between  the  sidewalks  there  are  two  lines  of 
gas  pipe,  one  of  water  pipe  and  a  street  sewer,  together  with  a  few 
water  cisterns  placed  at  the  street  corners.  The  power  station  is  situ- 
ated about  two-thirds  from  the  lower  end  of  the'line,  which  has  a  dou- 
ble track  of  5197  ft.  in  length  and  a  3^  ft.  gauge.  The  ordinary  T 
rail,  weighing  30  lbs.,  is  used,  being  placed  flush  with  the  street.  The 
grades  are  very  heavy  on  this  line,  the  steepest  being  1  in  6.15.  The 
cable  is  made  of  crucible  steel  wire,  six  strands,  and  of  3^^"  cireum. 
ference,  with  a  total  length  of  11,000  feet.  Pulleys  of  11  "  diam.  are 
placed  every  39  ft.  apart  along  the  tube,  and  at  the  termini  tension 
sheaves  8  fl.  in  diam.  are  used.  By  referring  to  Fig.  10,  Plate  X, 
it  will  be  seen  that  the  frame  is  made  of  cast  iron,  that  the  slot  is  f" 
wide,  being  placed  off  the  centre  to  prevent  dirt  and  sand  from  falling 
directly  upon  the  cable  and  pulley,  and  also  to  allow  the  grip  to  pass 
under  the  depression  pulleys  which  are  placed  at  the  level  crossiogs  of 
intersecting  streets.  The  cars  are  hauled  by  a  dummy,  to  which  tJie 
gripping  apparatus  and  brakes  are  attached.  The  dummy  seats  16 
passengers  and  the  cars  14,  while  they  weigh  2100  and  2800  lbs. 
respectively. 

The  power  is  supplied  by  two  engines  and  two  boilers,  one  pair 
being  held  in  reserve  in  case  of  break  downs.     The  boilers  are  54  "^ 
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in  diam.  by  16  ft.  long,  and  use  on  an  average  3*700  lbs,  of  ooal  per 
working  day  of  17  j^  hours. 

HABKIT   STRBIT  CABLE  RAILWAY. 

Market  street  cable  railway  is  one  of  the  most  important  os  well  as 
the  most  extensive  in  San  Francisco.  The  line  extends  from  the  water 
firont  along  Market  street,  which  is  one  of  the  largest  thoroughfares 
in  the  city,  being  3^  miles  long  by  120  ft.  wide. 

There  are  two  branch  lines  diverging  from  the  main  line,  which 
are  worked  from  the  same  engine  house.  Fig.  1,  Plate  X,  shows 
the  arrangement  of  station  and  cables. 

In  all  there  are  six  cables  used,  making  a  total  of  about  12  miles  of 
double  track  of  standard  gauge,  viz.,  4'  Sy. 

Fig.  8,  Plate  X,  shows  section  of  the  road-bed  which  rests  upon 
concrete  piers,  Ineasuring  10  ft.  deep  by  5  ft.  wide  by  16  in.  thick, 
placed  9  fl.  apart.  The  track,  tube,  and  steel  slot  rails  are  strength- 
ened and  held  rigidly  in  place  by  yokes  made  of  old  T  rails  and  angle 
irons,  of  the  shape  shown  in  the  figure,  placed  3  fl.  apart ;  and  concrete  is 
then  filled  in  to  form  the  tube.  The  cable  is  supported  upon  grooved 
pulleys,  15''  diam.,  situated  at  intervals  of  30  ft.,  a  manhole 
12  ''  X  16 ''  being  placed  directly  over  each  one.  The  cable  measures 
4 "  in  circumference  and  weighs  2^  lbs.  per  linear  foot,  while  the 
average  rate  of  speed  is  8  miles  per  hour. 

At  the  termini,  turn-tables  30  fb.  in  diam.,  with  two  sets  of  tracks, 
vrhich  are  worked  by  the  moving  cable,  are  provided.  In  all  there  are 
three  engine  houses  on  the  line,  the  principal  one  having  a  power  of 
400  horses.  The  machinery  is  duplicated,  there  being  four  engines  in 
use  and  four  to  spare.  Fig.  9,  Plate  X,  shows  section  of  the  Suiter 
street  road-bed  which  b  somewhat  similar  to  that  on  Market  street. 
The  conduit  is  2  '  6  "  deep  by  20  "  wide. 

P0V7ELL  STREET  OABLS  RAILV7AY. 

Powell  street  line,  which  is  also  in  San  Francisco,  is  one  of  the  more 
recent  roads,  and  boasts  of  two  cable  roads  which  cross  each  other  at 
right  angles.  The  total  mileage  is  1^  of  double  track  and  5^  of  single 
of  3  fl.  6  in.  gauge.  The  line  is  operated  from  one  station  containiog 
two  horizontal  high  pressure  engines  of  the  Eeynold's  Corliss  type  of 
valve  gear,  having  cylinders  22  "  in  diam.  by  48  "  stroke.  Six  tension 
reels  are  used  of  13  '  9 ''  in  diam.,  placed  on  an  11 "  shaft,  each  of 
^hich  is  divided  into  two  grooves.     The  three  winding  drums  are  a 
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little  larger  than  the  tension  reelB,  which  are  driven  hy  a  14  ft.  spur 
wheel,  the  ratio  of  pinion  to  spar  wheel  being  as  2  to  7.  The  boileis, 
of  which  there  are  six,  are  54 ''  diam.  by  16 '  long. 

OHICAOO  CITY   CABLE  RAILWAY. 

Chicago  City  Cable  Eailway  Co.  comprises  a  line  17  miles  long  of 
double  track,  with  a  4 '  8^  ''  gange.  In  all  there  are  seven  different 
cables,  the  longest  being  27,800  ft.  of  4''  circnmference. 

Owing  to  the  snow  and  frost  in  that  city,  the  tube  is  made  much 
deeper,  being  over  4  ft.,  while  the  cable  is  placed  about  30  in.  above  the 
bottom.  The  driving  and  angle  pulleys  are  12  ft.  in  diam.  The 
company  owns  6  engines,  4  being  used  to  work  the  road,  the  others  held 
in  reserve. 

BUTTE  CITY  CABLE  RAILWAY. 

A  cable  road  has  been  built  on  the  '^  Yogel ''  system  in  Butte  City, 
Montana.  The  principal  features  of  this  system  are  the  limited  use 
of  concrete  and  its  cheapness.  Figs.  11,  12  and  13,  Plate  X,  represent 
sections  of  the  road-bed. 

The  conduit  is  formed  by  a  pair  of  irons  10  ^'  deep,  and  in  lengths 
of  30  ft.,  rivetted  to  a  sole  plate.     See  Fig.  6,  Plate  X. 

Inside  of  this  subway  the  cable  runs,  and  is  supported  at  intervals 
of  50  ft.  upon  light  8 ''  diam.  pulleys.  At  these  intervals  a  man-way 
is  built,  to  enable  the  sheaves  to  be  renewed  and  oiled.  This  man-way 
may  be  either  made  of  concrete,  as  shown  in  drawings,  or  else  of  cast 
iron,  in  which  case  it  would  become  part  and  parcel  of  the  conduit. 

The  irons  are  braced  by  stays  rivetted  to  the  ties,  which  are  placed 
about  3  ft.  apart ;  and  thus  the  track,  slot  irons  and  ties  become  one 
rigid  structure.  Fig.  *7,  Plate  X,  represents  the  "Vogel"  grip, 
which  has  been  described  before. 

The  Butte  City  line  consists  of  1}  miles  of  double  track,  and  passes 
through  a  short  tunnel  and  over  2000  ft.  of  trestle  work.  The  grades 
vary  from  a  minimum  of  3  per  cent,  to  a  marimum  of  18  per  oent. 

BIRHINQHAM  CABLE  RAILWAY. 

In  this  road  the  tube  is  made  of  concrete  laid  19  "  deep  and  9^  " 
wide.  The  cast  iron  tube  frames  are  placed  3  '  6  ^'  apart,  and  then 
filled  in  with  concrete.  Pulleys  of  14"  diameter,  placed  every  50  ft., 
support  a  steel  wire  cable  3J"  circumference,  the  tensile  strength  being 
80  tons  per  sq.  in.,  and  the  torsional  strength  35  twists  in  8  '^  It  is 
composed  of  6  strands  of  13  wires  each,  laid  around  a  hempen  core,  cost 
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£626,  and  lasts  about  18  months.  The  line  is  worked  by  a  pair  of  hori- 
zontal engines,  having  cylinders  20  "  diam.  by  40  '  stroke.  The  driving 
pulley  is  10  '  6  "  in  diam.  with  V  grooving. 

Table  showing  cost  of  construction  and  equipment  of  line : — 

Track  with  pulley,  etc.,  complete $33,377 

Machinery  buildings,  offices,  chimney  shafts 4,786 

Engine,  boilers,  machinery  in  place 5, 103 

Cars  and  gripping  machinery 4,704 

Cables 1,260 

Auxiliary  cable  gear 850 

Extras  and  payments  made  to  various  corporations, 

and  to  city  for  paving 7»150 

Total $57,230 

The  following  table  has  also  been  issued  by  the  same  company  : 
Horse  cars  per  mile  absorb  85.5  per  cent  of  the  gross  receipts. 

Steam  locomotion 64.5  p.c. 

Cable  traction 46.5  p.c. 

From  the  drawings  accompanying  this  paper  Plate  X  has  been 
prepared. 


Thursday,  4th  December. 

JOHN  KENNEDY,  Vice-President,  in  the  Chair. 

The  discussion  of  Prof.  McLeod's  paper,  "  The  Errors  of  Levels  and 
Levelling,  Part  I,"  occupied  the  evening. 


Thursday,  18th  December. 

K.  W.  BLACKWELL,  Member  of  Council,  in  the  Chair. 

The  reading  of  Prof.  McLeod's  paper,  <<  The  ErrorsW  Levels  and 
Levelling,  Part  II,"  occupied  the  evening. 


OBITUARY. 


SAMUEL  REEFER.— About  the  middle  of  the  last  century,  George 
Kieffer,  a  native  of  Alsace,  born  not  far  fh>in  Strasbourg,  on  the  Upper 
Rhine,  emigrated  to  America,  and  settled  at  Paulinskill,  near  Newton,  the 
capital  of  Sussex  county,  in  the  then  British  Province  of  New  Jersey, 
now  one  of  the  United  States  of  America.  His  brother  Jacob  went  on 
to  Pennsylvania,  establishing  himself  near  Harrisburg.  Though  born  a 
Frenchman,  German  was  his  mother  tongue  and  Lutheranism  his  religion. 
On  the  breaking  out  of  the  Revolution  in  1776,  George  Kieffer  espoused  the 
cause  of  the  House  of  Hanover,  was  mustered  in  the  Royalist  ranks,  and 
died  of  army  fever  upon  Staten  Island.  His  son  George,  born  in  1773,  was 
a  child  at  his  father's  death,  and  remained  at  his  New  Jersey  home  until  bis 
18th  year. 

The  family  property,  consisting  of  two  farms  and  a  distillery,  was  confis- 
cated by  the  United  States,  and  George,  as  the  son  of  a  *'  United  Empire 
Loyalist,''  was  offered  a  home  in  Canada  by  the  British  Government.  He  fol- 
lowed an  Indian  trail  from  New  Jersey  to  the  Niagara  River,  at  Buffalo,  and 
crossing  over  selected  his  home  in  Canada,  about  seven  miles  from  the  Falls 
of  Niagara.  Returning  to  New  Jersey,  he  brought  his  mother  and  brother, 
in  1792,  over  the  same  route,  by  packhorses,  the  men  marching  on  foot.  In 
1797,  he  married  Catherine  Lampman,  German  and  Lutheran  as  him^If, 
and  of  the  five  sons  and  four  daughters  of  this  marriage,  Samuel  Eeefer,  the 
subject  of  this  notice,  was  the  fourth  son. 

George  Kieffer  spoke  German  until  his  arrival  in  Canada,  and  here 
changed  the  spelling  of  his  name  to  Keefer,  to  secure  its  proper  pronuncia- 
tion by  his  English  neighbors. 

Samuel  Keefer  was  born  in  Thorold,  county  of  Welland,  Province  of 
Ontario,  upon  the  22nd  January,  1811.  He  was  the  fourth  son  of  the  late 
George  Keefer  of  Thorold,  who  was  a  captain  in  the  Canadian  Militia  in  the 
war  of  1812,  a  magistrate,  merchant  and  mill  owner,  and  the  first  president 
of  the  Welland  Canal  Company.  That  great  work,  commenced  in  1824  and 
completed  in  1829,  was  accomplished  by  a  joint  stock  company,  and  man- 
aged as  such  until  1841,  when,  upon  the  union  of  the  Provinces  of  Upper  and 
Lower  Canada,  it  was  taken  over  by  the  Government.  The  Canal  passed 
through  his  father's  property,  and  for  want  of  any  hotel  accommodation  his 
father's  house  was  thrown  open  to  the  engineers,  and  it  is  due  to  this  con- 
nection that  Samuel  Keefer,  while  a  lad,  chose  the  profession  of  Civil 
Engineer.  His  early  education  was  limited  to  that  afforded  by  the  country 
schools  within  his  reach ;  but  during  the  construction  of  the  canal.  Upper 
Canada  College  was  founded  in  Toronto  (then  known  as  York),  through 
the  exertions  of  the  Lieutenant-Governor  of  Upper  Canada,  Sir  John  Col* 
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borne^  afterwards  Lord  Seaton.  Thither,  on  learing  the  Welland  Canal, 
Samuel  Reefer  went  March  2l8t,  1831,  and  remained  until  1833,  when,  owing 
probably  to  his  canal  experience,  he  was  appointed  secretary  to  the  Board  of 
Canal  Commissioners  for  the  improvement  of  the  River  St.  Lawrence.  The 
following  year,  on  the  commencement  of  the  construction  of  the  Cornwall 
Canal,  he  became  assistant  to  the  chief  engineer ,  John  B.  Mills,  and  continued 
in  this  capacity  under  Mr.  Mills'  successor,  Lt.-Col.  Philpot,  B.E.,  until 
1839.  In  that  year  he  was  appointed  secretary  to  the  Board  of  Works, 
then  established  for  Lower  Canada  by  Ordinance  of  the  Special  Council, 
and  upon  the  subsequent  union  of  Upper  and  Lower  Canada  (which  followed 
the  Rebellion  of  1837),  and  the  establishment  of  a  Board  of  Works  for  the 
United  Provinces,  he  was  appointed  engineer  to  that  Board  on  17th  Aug- 
ust, 1841.  Thus,  at  the  age  of  30,  he  attained  the  highest  position  in  his 
profession  in  his  native  country.  That  this  was  no  sinecure  may  be  infer- 
red from  the  consideration  that  at  that  time,  besides  the  Welland  Canal  just 
taken  over,  and  needing  reconstruction  and  enlargement,  there  existed  Pro- 
vincial canals  upon  the  St.  Lawrence  and  the  Richelieu  rivers — while  from 
Gaspe  to  Lake  Huron,  a  main  post  road,  crossing'numerous  large  rivers,  to 
be  turnpiked,  planked  or  macadamized  (as  stone  or  wood  was  most  avail- 
able), was  loudly  called  for. 

He  filled  this  position  for  13  years,  1841-1854,  having  also  in  the  3  years, 
from  1846  to  1848,  acted  as  chief  engineer  to  the  Welland  Canal,  where  he 
was  called  by  the  resignation  of  the  engineer  in  charge.  In  this  period  he 
made  the  first  surveys  in  1852  for  a  canal  on  the  Canadian  side  of  the  Sault 
Ste.  Marie,  the  outlet  of  Lake  Superior,  which  work  is  only  now  under  con- 
struction. 

The  ifyorks  constructed  under  the  Department  during  the  first  decade  of 
the  union  of  the  Provinces  were  of  the  most  varied  character,  consisting  of 
canals,  roads,  bridges, "  slides  "  (for  passage  of  timber  past  rapids),  harbours 
and  lighthouses.  He  personally  surveyed  and  established  the  line  of  the 
Beauharnois  Canal,  the  first  enlargement  of  the  Lachine  Canal,  and  the 
locks  and  dams  at  St.  Anne's  on  the  Ottawa,  and  St.  Ours  on  the  Richelieu 
and  directed  their  construction. 

In  1850,  he  substituted  for  the  more  costly  oak  framed  gates  previously 
in  use,  solid  timber  ones  of  pine  for  the  St.  Lawrence  canals,  where  the 
locks  have  a  width  of  45  and  50  feet.  The  timbers  of  pine,  like  very  thick 
plank  laid  broadside  on  top  of  each  other,  were  reduced  at  the  ends  to  the 
width  of  the  heel  and  toe  post,  but  wider  elsewhere,  being  arched  against 
the  pressure  side,  giving  greater  strength,  floatation  and  economy  of  cost, 
as  well  as  greater  durability. 

He  also  constructed  in  this  period,  1843-1844,  the  first  suspension  bridge 
in  Canada,  over  the  Ottawa  River  at  the  Chaudi^re  Falls,  connecting  the 
now  cities  of  Ottawa  and  Hull.  A  wooden  bridge  of  300  feet  span  had  been 
erected  upon  this  by  the  Royal  Engineers  in  charge  of  the  Rideau  Canal 
some  years  previously,  but  had  fallen  soon  after  its  erection.  Samuel 
Keefer  here  had  an  opportunity  to  bring  his  mathematical  knowledge,  for 
which  he  was  distinguished  at  college,  into  play.    He  chose  the  Freiburg 
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wire  in  preference  to  the  Menai  chain  system,  and  made  his  plans  with  the 
yery  limited  assistance  of  engineering  literature  then  accessible  to  him, 
chiefly  the  Engineer  and  Architects  Journal  That  it  is  not  every 
engineer  who  can  build  a  suspension  bridge  is  evident  from  subsequent 
experience  in  Canada  and  in  the  adjoining  State  of  New  York.  Two  Cana- 
dian suspension  bridges,  one  over  the  Desjardins  Canal  near  Hamilton, 
Ontario,  the  other  over  the  Montmorency  River,  near  Quebec,  were  blown 
away  or  fell,  in  the  one  case  with  loss  of  life;  while  two  American  bridges, 
one  on  the  Genesee  River  at  Rochester,  the  other  over  the  Niagara  River  at 
Queenston,  shared  the  same  fate.  Mr.  Eeefer  had  not  the  advantage  of  his 
less  fortunate  successors  in  having  a  successful  example  to  refer  to.  This 
bridge  served  its  purpose  for  45  years,  and  was  replaced  last  year,  although 
as  serviceable  as  ever,  by  a  wider  steel  truss  one,  which  was  called  for  by 
the  increased  traffic. 

In  1845,  he  was  again  called  upon  to  plan  an  original  work,  of  which  there 
was  no  type  in  existence.  Timber  slides  for  the  passage  of  cribs  with  men 
to  guide  them  had  been  in  use  for  some  years,  but  to  regulate  the  necessary 
depth  of  water,  which  must  not  exceed  12  to  15  inches,  stop  logs  of  varying 
dimensions  were  put  in  or  taken  out  as  the  river  at  the  head  of  the  slide 
rose  or  fell.  Mr.  Eeefer  had  read  in  the  Civil  Engineer  and  Arckitecfi 
Journal  the  account  of  the  Bear  Trap  sluice  in  use  at  an  early  date,  but 
long  before  abandoned  on  the  Pennsylvania  rivers,  and  adopted  the  princi- 
ple to  afford  an  automatic  regulator,  by  which  the  gates  of  the  Bear  Trap, 
being  set  for  a  given  feed  of  water,  would  rise  or  fall  with  the  fluctuation  of 
the  stream,  always  feeding  the  same  quantity.  This  was  applied  to  the 
Government  slides  at  Ottawa,  and  worked  successfully  for  years,  though 
not  now  considered  necessary. 

In  1853,  he  resigned  bis  position  under  the  Government  for  a  more  lucra- 
tive one  upon  the  Grand  Trunk  Railway,  and  located  the  line  between  Mon- 
treal and  Kingston,  which  he  had  previously  surveyed  for  the  Government 
while  in  their  service.  He  also  conducted  the  hydrographic  survey  of  the 
site  of  the  Victoria  Bridge,  fixed  the  line  upon  which  it  was  constructed 
and  projected  the  high  level  bridges  for  this  railway  over  the  Ottawa  at  St. 
Anne's,  and  over  the  Rideau  Canal  near  Kingston.  During  this  period,  1853- 
1857,  he  was  also  supervising  engineer  of  the  Brockville  &  Ottawa  Rail- 
way, a  line  which  connects  the  St.  Lawrence  at  Brockville  with  the  Ottawa 
River,  about  40  miles  above  the  city  of  Ottawa. 

In  1857,  he  re-entered  the  Government  service,  as  inspector  of  railways 
and  deputy  commissioner  of  Public  Works,  and  for  seven  years  made  a 
personal  inspection  of  all  the  provincial  railways.  As  deputy  commis- 
sioner of  Public  Works,  he  was  charged,  owing  to  the  absence  of  the  chief 
commissioner,  with  the  selection  of  the  competition  plans  for  the  public 
buildings  at  Ottawa.  His  report  on  these  plans  was  approved  by  His 
Excellency  in  Council  in  1859,  and  the  works  forthwith  commenced  under 
his  direction,  and  were  so  far  advanced  that  the  corner  stone  was  laid  by  the 
Prince  of  Wales  in  1860.  The  arrangement  of  the  detached  blocks,  forming 
the  Parliament  buildings  and  departmental  offices,  upon  three  sides  of  a 
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square^  is  due  to  him,  and  no  little  of  the  effect  of  this  splendid  pile  upon 
a  magnificent  site  is  due  to  this  disposition. 

He  retired  from  the  public  service  in  1864  to  his  home  in  Brock  ville,  but 
not  from  the  practice  of  his  profession.  In  addition  to  the  management  of 
his  private  affairs,  he  undertook,  in  1869,  the  construction  of  a  wire  suspen- 
sion bridge  at  Niagara  Falls,  of  a  span  of  1,268  feet,  then  the  longest  in 
existence,  a  detailed  account  of  which  appeared  in  Engineering  in  that  year. 
For  the  plan  and  details  of  this  work,  he  was  awarded  the  gold  medal  at  the 
Paris  Exhibition  of  1878.  This  bridge  stood  for  nearly  twenty  years  with- 
out failure  of  any  kind.  In  1889,  the  owners,  without  consulting  Mr. 
Reefer,  replaced  the  single  track  roadway  by  a  double  track  one,  and  three 
months  after  this  new  roadway  was  torn  from  its  cables  and  guys  by  a  ter- 
rific wind,  which  registered  at  Buffalo,  18  miles  distant,  88  m.  per  hour. 

In  1870,  he  was  appointed  by  the  Government  secretary  to  the  Canal 
Commission,  of  which  Sir  Hugh  Allan  was  chairman.  The  object  of  this 
commission  of  mercantile  men  was  to  determine  the  scale  of  navigation  for 
the  enlargement  of  the  Canadian  canals.  In  1872,  he  made  a  survey,  plans 
and  estimates  of  the  Baie  Verte  Canal,  a  route  to  connect  the  Gulf  of  St. 
Lawrence  and  the  Bay  of  Fundy,  a  project  which  had  been  proposed  early 
in  the  century,  but  which  has  now  been  abandoned  in  favour  of  a  ship  rail- 
way over  the  same  route.  Col.  Sir  Casimir  Gzowski,  K.G.C.M.,  was  asso- 
ciated with  him  in  this  work,  which  was  completed  in  1873. 

In  1876,  he  built  the  Duffbrin  bridge — cast  iron  arch— over  the  Rideau 
Canal  in  the  city  of  Ottawa,  and  widened  another,  a  stone  arch  built  by  the 
Royal  Engineers  over  the  same  canal,  about  50  years  before. 

In  1880,  he  was  appointed  one  of  the  members  of  a  Royal  Commission,  to 
enquire  into  the  conduct  and  prosecution  of  the  Canadian  Pacific  Railway 
from  its  inception  to  date.  Up  to  this  date  this  railway  had  been  carried 
on  as  a  public  work.  A  reform  Government  had  been  in  power  f^om  1873 
to  1878,  and  had  given  way  to  a  Conservative  one,  which  was  now  investi- 
gating the  work  of  their  predecessors.  Samuel  Eeefer  was  a  pronounced 
Conservative,  hence  the  absence  of  his  name  in  GK)vernment  connection 
between  1873  and  1880. 

No  mention  is  made  of  what,  especially  since  his  retirement  from  the 
public  service,  was  an  important  and  lucrative  branch  of  his  private  prac- 
tice. As  a  competent  and  experienced  hydraulic,  bridge  and  railway 
engineer,  his  services  as  an  expert  and  arbitrator  were  ever  in  request.  His 
active  participation  in  these  duties  continued  until  1888,  when  his  final  ill- 
ness began.  From  his  experience  on  the  Welland  Canal,  as  a  lad,  to  his 
cessation  from  labour,  deducting  his  college  years,  he  must  be  credited 
with  about  60  years  of  practice,  a  long,  useful  and  honourable  career,  which 
has  in  no  small  degree  contributed  to  the  position  which  Canada  holds  as 
the  possessor  of  public  works  unsurpassed  by  any  country  of  similar  wealth 
and  population. 

He  became  a  member  of  the  American  Society  of  Civil  Engineers  in  Jan- 
uary, 1869,  and  of  the  Institution  of  Civil  Engineers  m  March,  1870.  The 
year  before  his  death,  he  was  President  of  the  Canadian  Society  of  Civil 
Engineers. 
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In  person  he  was  about  the  middle  height^  stoutly  built  without  corpa 
lence.  In  disposition  he  was  remarkably  cheerful,  with  an  entire  freedom 
f^om  any  thing  approaching  irritability*  A  consistent  member  of  the  Church 
of  England,  which  he  represented  as  a  lay  delegate,  both  in  the  Dioceeu 
and  Provincial  Synods  and  upon  the  Mission  Board,  his  creed  wbs,  '^  Fear 
God,  honour  the  King, — meddle  not  with  them  who  are  given  to  change." 

Mr.  Eeefer  died  at  his  home  in  Brockville  (from  effects  of  malarial  fever 
contracted  nearly  two  years  before  in  Toronto),  on  the  9th  of  January,  1890, 
within  a  fortnight  of  entering  upon  his  eightieth  year. 


JOHN  PAGE.— Chief  Engineer  of  the  Dominion  Canals.  This  rerr 
able  and  distinguished  engineer  was  born  in  Scotland,  in  the  year  1815. 
He  served  under  the  late  Robert  Stephenson,  as  junior  engineer  of  the 
Northern  Light  House  Board,  for  a  few  years,  until  1838,  when  he  left  for 
the  United  States,  where  he  was  employed  on  the  Erie  Canal  as  a  stone- 
cutter, and  afterwards  as  one  of  the  sub-engineers,  for  about  four  years.  In 
1842  be  obtained  employment  as  draughtsman  and  as  one  of  the  assistant 
engineers  on  the  Welland  Canal,  the  first  enlargement  of  which  had  been 
commenced  the  previous  year.  In  September,  1842,  he  rose  to  the  positioa 
of  assistant  to  the  chief  engineer,  and  in  1846  to  that  of  consulting  engineer, 
on  this  work. 

From  1850  to  1851,  he  located  and  began  the  construction  of  the  Junctioc 
Canal,  uniting  the  Galops  and  Point  Iroquois  links  of  the  Williamsborgfa 
Canals,  of  which  he  was  then  the  resident  engineer,  and  until  he  was  appoint- 
ed superintending  engineer  of  the  canals  east  of  Kingston  in  1852,  in  which 
capacity  he  acted  until  the  31st  of  October,  1853|  when  he  became  chief 
engineer  of  the  public  works  department  of  Upper  and  Lower  Canada, 
upon  the  retirement  of  the  late  Samuel  Keefer  who  had  filled  that  position 
since  17th  August,  1841. 

Mr.  Page  was  appointed  dej^uty  commissioner  of  the  department,  8th 
March,  1864,  but  resigned  this  position,  and  was  re-appointed  chief  engineer 
on  the  15th  of  the  same  month.  When  confederation  took  place,  let  July, 
1867,  he  was  nominated  chief  engineer  of  the  Federal  Government,  on  all 
works  excepting  railways,  and  acted  in  this  capacity  until  October,  1879, 
when  the  Department  of  Public  Works  was  divided  into  two  departments, 
that  of  Railways  and  Canals,  and  the  other  of  Public  Works,  comprising 
buildings,  harbours  and  river  improvements,  etc.  He  was  then  appointed 
chief  engineer  of  the  canal  branch. 

In  1889,  Mr.  Page  accepted  nomination  as  President  of  the  Canadjan 
Society  of  Civil  Engineers,  for  the  following  year,  but  he  afterwards  fbond 
himself  compelled  to  withdraw  his  consent  on  account  of  his  ofiScial  duties. 
During  the  spring  of  1890,  he  was  appointed  member  of  a  Royal  Com- 
mission, to  examine  and  report  on  the  Montreal  Harbour  improvements  pro- 
posed by  the  Montreal  Flood  Commission  of  1886*87,  and  by  other  parties. 

He  died  suddenly  in  his  office,  at  Ottawa,  on  the  2nd  of  July,  1890. 

The  principal  works  designed  by  or  executed  under  Mr.  Page  were : — the 
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Junction  Canal,  1851-52 ;  the  dioptric  and  catadioptric  Light  Houses  at  Belle- 
Ile,  Amour  Pointy  Cape  Rosier,  Bird  Bock  and  Anticosti,  along  the  Gulf  of 
St.  Lawrence,  and  the  first-class  Light  Houses  on  Lakes  Erie  and  Huron, 
1858-67 ;  the  Culbute  locks  and  dam  for  vessels  drawing  6  feet  at  the  lowest 
water  on  the  Upper  Ottawa,  1873-76;  the  last  enlargement  of  the  Welland 
canal,  from  a  depth  of  10}  to  14  feet  of  water  on  the  lock  sills,  1873-87 ;  the 
enlargement  ot  the  River  Ottawa  canals  at  Ste.  Anne,  Carillon  and  Grenville, 
from  6  to  9  feet  depth  of  water  on  the  lock  sills,  1871-83 ;  the  Lachine 
Canal  enlargement,  from  9  to  14  feet  depth  on  the  lock  sills,  1873-84  ;  the 
Galops,  Bapide-Plat,  Farran's  Point  and  Cornwall  canals,  the  enlargement  of 
which,  to  a  navigable  depth  of  14  feet,  was  commenced  in  1875,  and  is  still  in 
progress;  the  Murray  canal, at  Presqu'ile,  Lake  Ontario, commenced  in  1882 
and  completed  in  1889 ;  the  Tay  Canal  branch  of  the  Bideau  Canal,  enlarged 
and  reconstructed,  1883-89 ;  the  Sault-Ste-Marie  Canal,  the  navigable  draft  of 
which  is  to  be  18  feet,  commenced  in  1888,  and  now  in  progress ;  the  Biver 
Trent  new  canals  at  Buckhorn  and  Burleigh  Bapids,  and  at  Fenelon  Falls, 
with  5  feet  water  on  the  lock  sills,  1882-88. 

Apart  from  the  construction  of  the  works  enumerated  above,  Mr.  Page 
submitted  many  valuable  reports  in  connection  with  other  important  and 
projected  works,  and  acted  as  arbitrator  in  several  complicated  cases,  always 
giving  satisfaction  to  the  Government  and  the  contractors,  who  relied  on  the 
soundness  of  his  judgment,  on  his  great  experience,  and  on  his  integrity. 

By  bis  death  and  that  of  the  late  Samuel  Keefer,  his  predecessor,  Canada 
has  deen  deprived  of  the  services  of  two  of  its  most  experienced  and  skilful 
engineers.  The  canal  works  executed  under  their  directions  are  second  to 
none  on  tbe  continents  of  America  and  Europe,  as  regards  magnitude^  sta- 
bility and  cost. 

Mr.  Page  was  elected  a  member  of  the  Society  on  the  12th  of  May,  1887. 


THOMAS  TIMMIS  VEBNON  SMITH  was  bom  on  the  6th  August, 
1824,  at  Duckmanton  Lodge,  near  Chesterfield,  Derbyshire,  at  that  time  the 
residence  of  his  father,  whose  family  has  been  settled  in  Sheffield  for  many 
generations,  being  almost  certainly  the  oldest  in  England  connected  with 
the  Iron  and  Steel  trades.  Vernon  Smith's  father  was,  like  his  forefathers^ 
an  iron  and  coal  master;  his  grandfather,  who  was  master  cutler  in  1797, 
was  himself  the  grandson  of  John  Smith,  who  was  master  cutler  in  1722. 
This  last  was  great-grandson  of  Henry  Smith,  whose  name  was  included  in 
the  Royal  Charter  granted  by  James  I.,  in  1612,  founding  the  cutlers  com- 
pany. The  glory  of  this  still  existing  company  has  faded  during  the  past 
decades,  and  its  position  with  regard  to  the  Iron  and  Steel  trade  of  England 
is  now  more  or  less  taken  by  the  Iron  and  Steel  Institute,  of  which  Vernon 
Smith's  eldest  brother  was  one  of  the  founders,  and  has  been  president, 
thus  making  seven  generations,  ftom  father  to  son,  associated  with  the  man- 
ufacture of  iron  and  steel.  On  the  American  continent  it  may  be  of  inter- 
est to  mention  that  Vernon  Smith's  mother  was  great-grand-niece  of  Admiral 
Edward  Vernon,  after  whom  George  Washington's  elder  half-brother   who 
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served  in  the  fleet  commanded  by  that  Admiral,  named  his  Virginian  home 
Mount  Vernon,  which  has  become  a  place  of  interest  and  of  pilgrimage 
without  a  rival  in  the  States. 

Vernon  Smith,  as  a  very  small  boy,  was  present  with  his  father  at  the 
opening  of  the  Liverpool  &  Manchester  Railway, — the  pioneer  railway  of 
England.  He  was  educated  at  Mill  Hill  Grammar  School ;  and  afterwards 
served  a  five  years'  apprenticeship  at  Newcastle-on-Tyne,  with  his  father's 
friends,  George  and  Robert  Stephenson.  At  the  end  of  this  period  he 
returned  home  to  assist  his  father. at  the  Stanton  Iron  Works,  near  Derby, 
where  he  remained  until  he  became  locomotive  superintendent  of  the 
Southampton  division  of  the  London  &  South  Western  Railway.  It  was 
during  this  time  that  an  accident  happened  in  a  tunnel  to  the  Queen's  train, 
on  which  occasion  Mr.  Smith  rendered  valuable  service  in  relieving  Her 
Majesty  from  a  most  dangerous  situation. 

In  1852,  Vernon  Smith  was  appointed  manager  of  the  Woodstock  IroD 
Works  in  New  Brunswick,  owned  by  Sanderson  &  Co.,  of  Sheffield.  At 
the  stoppage  of  those  works  he  went  to  England,  remaining,  however,  but 
a  short  time,  and  returned  to  Canada,  in  1855,  to  superintend  the  construc- 
tion of  the  Cobourg  &  Peterborough  Railway. 

In  1857,  he  was  appointed  provincial  engineer  under  the  New  Brunswick 
Board  of  Trade,  which  position  he  held  for  several  years.  During  this 
period  he  invented  and  patented  a  fog  whistle,  which  has  since  been  adopted 
not  only  in  Canada,  but  on  the  English  coasts  and  elsewhere.  The  original 
whistle  bearing  his  name  is  still  in  use  at  Partridge  Island,  in  St.  John 
harbour. 

In  1861,  he  returned  to  England,  and  during  the  next  four  years  he  visited 
and  made  special  reports  on  various  railway  and  mining  enterprises,  both 
in  England  and  on  the  continent;  and  until  the  project  was  abandoned, 
superintended,  on  behalf  of  Overend,  Gurney  &  Co.,  the  construction  of  the 
Barcelona  &  Cette  Railway. 

In  1866,  Vernon  Smith  returned  to  Canada  and  remained  identified  with 
the  Dominion  until  his  death.  He  went  to  Nova  Scotia  as  engineer  for 
Punchard  &  Clarke,  the  contractors  for  the  Windsor  &  Annapolis  Railway ; 
and  when  the  line  was  completed,  he  was  appointed  general  manager.  He 
resigned  this  appointment  to  become  chief  engineer  to  the  Western  Counties 
fiailway,  and  spent  four  years  over  the  surveys  and  construction  of  that 
road. 

In  1877,  Vernon  Smith  conducted  a  survey  connecting  the  Intercolonial 
Railway  with  Whitehaven,  N.S.,  which  had  been  proposed  as  the  winter 
terminus  of  the  English  mail  steamers.  In  1878,  he  went  to  Toronto  to 
superintend  work  in  connection  with  the  Credit  Valley  Railway,  and 
remained  in  that  city  for  five  years.  During  this  period  he  wrote  maaj 
articles  in  the  press  on  professional  subjects ;  amongst  these  a  long  series  in 
Engineering  (of  London,  England),  on  ''  Canadian  Railways,"  attracted 
much  attention,  as  well  as  a  popular  article  in  the  Nineteenth  Oentufy,  on 
the  "  Wheatfields  of  North  America." 
In  1883,  a  move  was  made  to  Ottawa,  as  a  more  convenient  centre,  and 
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Vernon  Smith  was  engaged  on  special  engineering  work  for  the  Mattawam- 
keag  Short  Line,  the  Gatineau  Valley  Railway,  and  other  minor  enter- 
prises. In  1886,  he  crossed  the  continent  on  the  Canadian  Pacific,  and 
prepared  for  the  present  president  of  that  line  a  very  exhaustive  report  of 
the  railway,  and  the  immense  facilities  which  it  afforded  in  opening  up  the 
interior  of  the  country. 

In  1889,  Mr.  Schreiber,  chief  engineer  of  Government  railways,  entrusted 
Mr.  Smith  with  the  superintendence  of  the  survey  of  the  proposed  Harvey- 
Salisbury  Short  Line  in  New  Brunswick.  After  the  close  of  the  field  work 
of  this  survey,  and  while  preparing  the  necessary  plans  and  estimates  for 
his  report,  Vernon  Smith  was  attacked  by  "  La  Grippe,"  and  after  a  few 
days  illness,  leaving  his  latest  work  almost  completed,  he  died  on  the  15th 
January,  1890,  in  the  66th  year  of  his  age. 

Mr.  Smith  was  elected  a  member  of  the  Society  on  the  17th  of  Sep- 
tember, 1887. 


EDWARD  WA8BLL  was  born  on  the  7th  of  January,  1841,  at  Southamp- 
ton,  England,  and  died  21st  April,  1890,  in  London,  Ontario.  The  earliest 
record  of  him  is  in  Canada  in  the  year  1868,  from  which  time  until  1873  he 
was  employed  on  the  Great  Western  Railway  as  assistant  engineer,  and 
afterwards  as  chief  engineer  of  the  Londoui  Huron  &  Bruce  Railway, 
resigning  in  December,  1874.  From  1874  to  1879  he  was  chief  engineer 
of  construction  on  the  Western  Counties  Railway  of  Nova  Scotia,  and  he 
also  constructed  the  Yarmouth  Water  Works,  Nova  Scotia.  Prom  188.3  to 
1886  he  designed  and  built  the  sewerage  system  of  Winnipeg,  Manitoba,  and 
was  subsequently  engaged  in  private  engineering  practice  in  Ontario. 

Mr.  Wasell  was  elected  a  member  of  the  Society  on  the  llxh  October,  1888* 
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THE   HAWKESBDRY  BRIDGE,  NEW  SOUTH  WALES. 

By  Charles  Ormsby  Burge,  M.  Inst.  G.E. 

(Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers,  YoL  d., 

1890.) 

The  author  was  in  charge  of  the  work  for  the  Colonial  Govemment, 
under  Mr.  John  Whitton,  engineer  in  chief  for  railways.  The  Colon- 
ial Government  invited  designs  and  tenders  for  construction,  making 
the  competition  world-wide.  That  of  the  Union  Bridge  Company  of 
New  York  was  accepted. 

The  accepted  design  consisted  of  seven  spans  of  416  feet  each,  centre 
to  centre  of  piers.  The  bridge  is  for  a  double  track,  the  trusses  are 
28  feet  apart,  centre  to  centre.  The  material  is  of  steel  with  eye  bar 
tension  rods  and  steel  pins.  The  main  girders  of  each  span  are  410 
feet  in  length  centre  to  centre  of  end  pins,  and  58  feet  deep  at  centre. 

The  foundations  are  of  concrete  encased  in  steel  caissons,  upon  which 
is  built  stone  masonry.  The  boring  showed  a  bed  of  mud  and  other 
material  for  a  depth  at  maximum  of  93  feet  below  the  bed  of  the  river. 
The  greatest  depth  of  water  was  77  feet,  range  of  tide  7  feet.  Pier 
number  six  is  the  deepest,  being  162  feet  below  water,  or  50  feet  of  water 
and  11 2  feet  of  mud,  etc.,  and  being,  *'  as  far  as  the  author  is  aware, 
the  deepest  bridge  foundation  yet  sunk."  The  caissons  for  the  piers 
are  48  feet  long  by  20  feet  wide,  with  rounded  or  semi-ciroular  ends,  the 
lowest,  20  feet,  is  tapered  outwards  to  2  feet  wider,  making  the  bottom 
of  the  caissons  24  feet  wide.  The  caissons  have  three  dredging  wells 
each  8  feet  diameter,  placed  14  feet  apart  centre  to  centre  lengthwise, 
the  spaces  between  the  wells  being  6  feet  and  similarly  between  them 
and  the  edges  of  the  caissons.  This  method  formed  four  cutting  edges 
in  longitudinal  sections  and  two  in  cross  section  of  the  weUs.  The 
spaces  between  the  wells  are  filled  with  concrete.  The  caissons  were 
floated  into  position,  and  built  up  as  their  sinking  progressed  by 
dredging  out  the  wells.  The  margin  for  lateral  divergence  allowed  (in 
sinking)  by  the  specification  was  2  feet. 

No .  5  caisson  was  the  first  started  and  proved  to  be  the  last  completed. 
Its  career  was  erratic.     It  was  commenced  on  the  9th  December,  1886^ 
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and  was  only  ready  for  masonry  on  the  9tb  October,  1888.  Shortly 
after  entering  the  mad  its  tendency  was  to  work  eastward,  or  at  right 
angles  to  the  line  of  the  bridge.  Remedies  by  dredging,  pile-driving 
and  anchoring  were  resorted  to,  but  all  failed  to  secure  the  getting  it  into 
proper  position.  Finally,  when  the  caisson  ''  was  well  in  the  sand,"  at 
144  feet  below  high  water  (being  then  in  67  feet  of  mud,  etc.),  it  was 
proposed  to  sink  an  additional  caisson  at  its  west  end.  This  failed,  and 
the  addition  was  in  the  way  and  could  not  be  removed,  so  there  was 
*'  no  alternative  left  but  to  commence  the  masonry  at  the  west  end 
'*  at  as  low  a  level  as  possible,  viz.,  12^  feet  under  the  original  masonry 
*'  level,  and  to  corbel  out.  With  the  aid  of  a  coffer  dam  this 
'*  corbelling  was  carefully  carried  oat  with  solid  stones  7  to  8  feet  in 
**  length,  with  a  9  inch  overhang  in  each  coarse,  and  thoagh  adopted 
''  as  a  last  resource,  the  centre  of  the  column  of  masonry  above,  coin- 
"  ciding  with  the  centre  of  the  west  girder,  is  well  within  the  base  of 
''  the  original  caisson  ;  and  the  resaltant  line  of  the  pressures  of 
'^  the  pier  and  load  passes  very  closely  to  the  centre  of  the  bottom 
''  foundation  area."  The  author  attributes  nearly  all  the  difficulties 
of  sinking  to  the  outward  splay  of  the  caisson  at  the  bottom,  and  recom- 
mends straight  sides. 

No.  6  pier  also  behaved  stubbornly.  Its  tendency  was  northward 
(in  the  line  of  the  bridge),  following  a  declivity  in  the  bottom  of  the 
river,  and  all  the  remedies  applied  did  not  effect  the  desired  objeot, 
80  that  the  span  of  the  girders  had  to  be  changed  to  suit  the  wayward- 
ness of  this  pier.  The  maximum  pressure  on  the  bottom  of  No.  6 
caisson  (which  is  the  heaviest)  is  about  9  tons  per  square  foot 

The  erection  of  the  superstructure  was  by  floating  an  entire  span 
into  position.  The  bridge  is  in  an  exposed  situation,  and  beset  with 
tidal  currents.  A  pontoon,  335  feet  in  length  by  61  feet  wide,  and 
having  44  water-tight  compartments,  was  scuttled  on  a  gridiron  at 
Dangar  Island.  This  pontoon  had  erected  upon  it  staging  high  enough 
to  float  the  bridge  into  position  (its  clearance  being  40  feet  above  high 
water).  In  this  position  (on  the  gridiron)  a  full  span  was  built,  and 
when  wind  and  tide  favoured,  the  pontoon  was  floated  (by  closing  the 
chamber  valves  at  low  water).  The  whole  was  then  hauled  to  the 
bridge  site,  f  of  a  mile  away,  by  means  of  6  inch  hawsers  extending 
from  the  island  to  the  bridge,  all  worked  by  steam.  This  method  was 
assisted  by  tugs  and  the  flowing  tide,  Dangar  Island  being  below  the 
bridge.  The  span  being  moved  in  position,  but  higher  than  the  piers, 
the  lowering  into  position  was  done  by  the  ebb  tide,  or  when  necessary 
by  partial  scuttling  of  the  pontoon.     This  method  was  not  all  plain 
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Bailing,  there  were  manj  difficulties  of  wind  and  tide  to  battle  witli, 
and  more  than  one  span  narrowly  escaped  wrecking.  No.  6  parted 
its  hawser  daring  a  squalL  "  The  pontoon  swung  aroand  into  a  dan- 
geroos  position,  from  which  it  appeared  impossible  to  ayoid  a  coUiaon 
with  the  strnctare  already  fixed.**  Dezteronsly,  however,  a  soecessfol 
movement  was  made,  saving  the  span  bat  reversing  it  end  for  end, 
making  no  difiercnce,  as  the  girders  were  symmetrical. 

Mr.  Thomas  Curtis  Clarke  and  Mr.  Theodore  Cooper  of  New  York 
designed  the  strnctare.  The  Union  Bridge  Company  sablet  the  woik, 
the  bridge  soperstrocture  being  built  by  Messrs.  Arrol  of  Griaagow,  the 
caissons  by  Messrs.  Head  &  Wrightson,  the  masonry  by  Mr.  Samuel- 
son  of  New  South  Wales.  Messrs.  Anderson  &  Barr  of  Jersey  Citj, 
N.J.,  sank  the  piers,  and  Messrs.  Eyland  k  Morse  of  Chicago 
erected  the  superstructure.  The  tender  was  for  the  bulk  sum  of 
£327,000  stg. ;  time  allowed  2}  years. 

Mr.  Thos.  C.  Clarke  gives  the  quantities  as  follows  : — 

Estimated        As  in  work 

Tons  of  steel  in  girders 6,200  6,320 

**  "        caisson 1,600  1,668 

Cubic  yards  of  concrete 27,600  26,593 

Masonry 4,900  5,630 

(Ezccfis  masonry  due  to  change  of  plan.) 

Time 30  months  34  months. 

The  bridge  was  opened  for  traffic  on  the  1st  May,  1889,  by  Ws 
Excellency  Lord  Carrmgton,  Governor  of  the  Colony. 
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